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Vl&sov and Ye* I. Kutukova en- 
titled "lausartidnyye Kopi" {Eng- 
lish version above), Moscow, 
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111-15%, 197-215.j 

INTRODUCTION 

the 

The emerald deposit of the Urals, well known in 
world literature under the name Eraerald Mines, has 

beer, studied by many investigators for nearly i>J years, ; 

Th* genesis of tho emerald-bearing vei»fe has providea ; 
the principal source of interest, especially in regard I 
to genetic' connections between the emeralds and certain , 

Xni,rUS1?he'majority of investigators have associated the ! 
eenssis of the eraerald» vith the Murzinka granite intru- ; 
;ion, while several of these have rather linked them    j 
F-:ith the vein derivative rocks of the diorite massxf.   j 
The latter hypothesis has remained at present unconfirmed: 
by factual material.  The theory of & genetic connection 
between tue emeralds and the granite massif has gotten 
an inm^tus to further development an the basis of the 
aaple*factual material gathered in the past few years» 

The Eraerald Mires of the Urals are of exceptional 
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internst a-.; an example   of those processes rarely eacoim» 

axverse oerjvati.vas 
c; 

of the granitic intrusion and 
di-if er&ni coniposIiioKS ,  In. this 

deposit fu Eiaerals hare recently been, determined. ? whose I 
content cosprises abort 60 elements i:i varying amounts» j 
Especially interest!.».«; ±n the study of the Emerald Mines { 
±B finding out the chemical nature of the interactions. ! 
which occur betvreaii tne pnaiiBs&ioXytic pegmatite solution I 
iH&its and the sr.tc.Xosix).3; rocks $ as well as the process - 
of mineral, .formation and tue geocheaaistry of the elements! 
which participate is this process;« " | 

The vein coosplex of the M/ursiafka granite intrusion! 
'(-■3Ä6 'CtSfciU /-' :•:. ssiii.coB.ised.  pegmatites   are   represented  by 
granitic   pegauvtitea s   and   pmnimaiolytic-hydrotheraial   and 
ftydrothsrsiiii    i oraatioss .j, in.tsracti.on feetweaa the 

intrusion and. trie en- 
ctisiag rocks of differect chetaicoiniiieralogicai composi- 
tion,  has   produced  highly   interacting  mineral-forming 
presse»::.£3   and   asrasraai   associations   ef   chemical   elements 
ami luiixerals; 5   especially   in   pegmatites   at   the   contact 
lirre   (tue   dsriiicönized   pegmatites)   where   such   rare   min- 
es r a ,1 s   a.; &IÜVIZ p. -■-■ ft 1 c? i; * phenaeite,   ehrysoboryi SK u. a lexandrite: 
are enconß.tareds The er.iKroj.dts of the Urals nave attained 

htue for their lovely gi\-;en hue ami purity* 
An analysis ox" the great bulk of factual, material 

;aerea Dy xne au'thors and 
le it possible to classify 
!  ii "s'S.k  h ö t WO 015. i t. 

m.ä   in   the literature has 
le   vein cossplex, establish 
parts and to discover the 

ciasi 

factors which underlie its diversity«  Ail this has ad» 
spitted a braadeiiiag of ersr concepts or?, the mineralogy, 
geochecriisty and geaeais of the deposit« 

The Emorait mi.nr-.-js (of tl'ie Urals) are trie 
best studied, example of esiaeraii deposits in the 
New eraaraid. deposits nave been discovered ±11 a auaber of 
foreign countries (India, and others- ) tfuriiin the past 
decade»  Attention is drawn to the cowmen, nature of the 
geological conditions fotind in the formation of these 
occorrsneas and toe irerald Mires of the Urals,,      A shady 
of tiie iineralcl Mines and as. asalyaii of the fact-ual mat- 
erial on foreign emerald deposits offer hue possibility 
of undertaking exploratioii. for similar deposits with a 
much more sjotmdly established foundation« 

Chemical, spectral, roestgencichemical, thermic and 
x-ray analyses made in th.i.5 study were performed in the 
laboratories of the- institute of Mineralogy, Geochemistry. 
and CrystaiiGcheaiatry of Rare Elements and the Institute! 

2 



,JL._ 

of Geology of Ore Lodess Petrography, Mineralogy and 
Geochemistry of the  Acadaisy of Sciences USSR. ^ The      . i 
larger part" of th© chemical aaalysea of mineral» wer® 
don© by'M- Ye* Xasakwa*  Beryllium in lov concentration»! 
("<0»0l" percent) was det0.rmiB.sd by the chemist, £. H«-    ! 

The authors are grateful to N. V* Belov and Ye. A. 
Kujgxietsov for having reviewed the manuscript and made 
a number of valuable 6©ra«s$nts» 'Th©y also ow« particular 
thaaks to 0*. P« Serdyuchsako who generously assessed the 
task of ■«ciasut.ific&IXy editing the present work* 
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CHAPTER  ONE 

GEOLOQICO-PKTKOGRAPKIC SKETCI 

Despite the considerable voluäi« of geological ■ 
studies of the Emerald Mines(of the Urals), the geology j 
and petrography of the area still reaairs ißsirffieiestly : 
iirv#s tigated e | 

The Emerald Mines belong; to the eastern wing of ; 
0.Ö. asiticlinoriuBi, rendered complex by a aeries of secern- j 
dary synclinal and anticlinal folds conformable with the ' 
general strike* of the basic structure of t;ie region,. ; 
Isst regard to its geology and petrology the region of the \ 
Emerald Mines' {Fig* I) can be subdivided into three zone«. 
easterns western and centrals 

la t.be eastern zone the baa Ac and ultrabasic rocks', 
of tfm Asfesstovskiy iiitrusioa have evolved, represented j 
by peridofcit&s, duirites, pyroxenitss and gebtoro« In the i 
central part of the region the Asbestovskiy intrusion j 
borders on the small Eastern Massif of granodiorites» ' 
quartz dior.ites and diox-ites«, 

The west er» %,ot .«jade up of granites of the 
Murainka intrusion*  In relation to petrographie struc- 
ture this? granite massif is rather heterogeneous*  Its 
central portion, is composed of fine-and Ksedium-grained 
b.iotite and two-raiea gre.ru. tes which contain small fine- 
graiii^d pegmatite bodies«   In the endocoatact zone there 
are Muscovite pegmatoid granites, among which one   finds 
sections of fine »and. medium-grained granites« two-raica 

U 
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and .«mscoT.ite grasites, as well as «. considerable mas, 
of streak aad veiuad pegs&a. lie bodies aad awj&tttfoolite 
xettölltfes»     T-Jte  wi.dth  of  this   goa«  is  0*3-»O»?  te» 

The   csitktral   zous  is   composad of isetasitoirplhic" rocks 
of  th© Paleozoic  Era. which  f'©il@w alc»a.g the  contact  of 
the  granite iatrusioa for ' i&ores' fb.&n 25 kilosstsrsu     The 
width of  ill©  &tm.& in  which these reifes  occur  is  D»'4 
Jsae»       They are »ad$ np-of  serpeatin®»   talc  s©rpeati»e4 
tale»   taieoeMor±tet   tal.copM,ögöpit« asd  tr^moiit© rocks» 
attiphibdlltos,-   an^hibolic-- gnolaffes:*   quartseites and 
amp-slit*»*     Eositlfts   this*   sis&Il  lenticular bodies  of 
pf@ridoti.tfis»  &nd  tale parldotites  occur,   ordinarily con- 
verted  to  st-rpantiaes*     All of  the above mentioned rocks 
are  broker*  through fey a  largo  maabör  of  q-aartsE  diorit« ■ 
atad  dior.itSJ porphyrite  «iJcas«     The  described a»etasao.rphic 
lay#r c®nt&,i.mm iha  «sserald-böaring Vein eosspl®»» 

. Tkis  ger^ral  strike  of   the  meiaaarpMc  roök' is 
.«^tath-ÄOuth~«vast j  »sarly laaridlon^l»   dipping north»east 
at  aa as.gle  of  50*85*,  and  it  is only at" the  »outh ©f 
th& srea   that  the  strike  of  the rook«   changes  to  the 
Kiörth-west -at  300*»30fj*.     Tlr*© metamorphic rock gone  ©xteodte 
tsrt io fi'irg kilometers  here and  the» so« 

mi® 

up 
as» 

ätt »arrowiag, 
agaia resmMss  the  Bo\itS»-»o-ath-effijat  4ir@etio» and 

issue«  beyond  tha fcörfers  of  the region.     The contact 
betwe<m  th*  gr&sitss  and. rook«»  of  the taetamorphic  layer 
is   #Ktrais0l.y  cössplssc«     Is  «iireei  proximity  to  the  contact 
as injection zon&  has  developed   (0*3 «0,5 fcs tfcii.sk) ,  jaadUs 

of  axap.!ii'b0ii tes  aiad  aspMfeole   g^sd.Bses  &»d  granites 
, l«gsjatii<&s   strongly ±»J®.ct®d  isrrfco.   the   jo.tatiag4, 

A   dSÄcriptier»  is  gives 'below o:f  the rocks  which 
eoiapoae  tbs  regier;- of   the   Emerald Mines*     la  order  to 
ad'täisbrat©  th«  genetic• eosnecitios  fo®tw@fcn  the rocks«   their 
met&iaorpb&c.  difference®  are 'dfe-scriteoa after  the rocks 
fro-rg "fe>fil cfe  ifcey are  deriirsd. 

$«sdis*eiii.arjf rockss 
ca.rl3o:,B,.ac.eo?ia   »hale» 
qts,©rtssito®» 

EffusiT© rocks a 
pliigioelaft-s-porphyrit ©a 
fea-rasdead* porph.yrites .' 
a.fflpMboles  with parphyri tic  text us»«, 

III tr aba sic  «td basic rocks,   products  of  their 
ffiet amor phi ass 

Diusite-s.,   peridötites, 
serpentine»  and  talc  aerpejrti&es, 
talc  schistsf 
talcochlorit© rocks, 
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talc« do Iocs! tic raekt   ■ 
tremolitic rock» 
pSa.ogoplt©»treffiolitic  schists s 
treso.l±te-chlorit©««tale  schists,   etc« 

Metamorphosed pyro.xen.ites: 
amphibo3.es  containing chromium. 

Gsabfo.ro •      / . 

Eastern. gr&xiodioriiic massif £ 
d£för.ltös$ : 
gra'&odiorit©s, 

■.. amphibolic   gn#±sees* 
¥eia rocks: 

«ittarta  diorit@s, ; 
dioritio porphyrites. 

Murssinka  granite- massif*i 

'  ....fin®«  and meditssa-gr&iaed biotite,   two-mica, 
porphyraid two*"ßiic« 4 
p@gme.t0.id srascöTit©. 

Vein recks s : 
pure  strain pegmatites, 
hybrid pegmatites   (d&B;ll±c&n±zed pegäaatitc4 
pneusKatolytic-ftydrothsria&l  and hydrothermal 

f orstatiosts«. 

SEfilMSKTARY ROCK 

■ The sedisa«ntary rock, especially the upper Devoni- 
ans* take« up an isasigaif ic&nt area aad la represented by 
carbonaceems shales and, qtta.risit®s with thin ssas» of 
saacfst ernes and ehlorite-clay slates*  Thsy are widely 
distributed in the southern portion of tha em&rald- 
fcearing ssos©*  The sedimentary rock iaa. the form-of 0.5 
to 0»?5 "tea wide bands hare been traced with gaps om 
occasion of 3*5-4 km.  Their strike is ordinarily close 
to the «serldioa line, ranging from NW 345* to Kl 43®, 
the dip is north-east and south-east at an angle of 45 to 
6-0s , rarely greater. 

Carbonaceous shales occur nearly everywhere in the 
form of sheet-like bodies with, a thiclmess of wp to 10 m; 
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iSee previous page,] 

Fig* I« Schematic Geologic Map' of the-Emerald Mines 
(compiled by K, M. Uspenskiyv supplemented by 
L. A. Izergin)'. 

1. oplites and pegmatites; 2* tine emerald- 
■ bearing vein cosnplex; 3- pegmatoid granite | 

!i* two-mica sven- grained granite; 5» poJ 
phyroid granite; 6» grariodiorites; 7* quarts; 
diorites end diorite porphy'ritesj 8« dioritee 
9» diorite gneisses; 10. talc-carbonate rocks 
11. amphiboles and aaiphiboie gaeissea; 12.gab 

■ bro; 13« ultrabasic raetaroorphic rocks 5 14* 
satidstones; 15« quartaite0 . 



th©y occur aicong the serpentines« amphibolies and dioritea 
Occasionally* unique carbonaceous magmatic breccia turns 
up in which strongly fragmented carbonaceous material 
has bee», cesaented by ultrafeasic rocks and diorite - 
•porpnYriies* 

The ajs»slit<6s which are fine-grained and show 
intensive achist'formation consist of extremaly t±»y    ' | 

■quarts grains with a large amount of carbonaceous . sub-  ; 
stance and hiotit® flakes*  The carbonaceous matter is  ■ 
ordinarily une%'enly distributed*  The rock is often 
crossed in various directions by streaks of quarts with 
a mosaic structure« ' < 

Spectral' analysis has revealed in, the carbonaceous 
achists, .besid&s the' chief componeKts, (expressed in    J 
percentages)! titanixa»*.» ve,3£«.äiwJKt chromium» nickel, co- j 
bait (0»05)t bariuiE, aircoEi» (0.035) » beryllium» stron-f 
t$.xm  and copper (0.005)*  Germaninm was not discovered» j 
Tha B 0, content ceme to 0*01 percent/ (chemical d@tarmixi-j 

4 * I 
ation; « ■ .; 

Gradual transitions are observed between the am» j 
pelitas and dioritos i»o$t of the iim*»} 'the boundary bet- 
ween them is,, as a rule, indistinct«  At the contact the j 
diorito is strongly altered» schistose., cnri.cfc.od with   ; 
carbonaceous substance,, foiotite and chlorite»  The car- 
boaaceous substance in it is unevenly distributed, in 
accordance with the closeness to the carbonaosoite shale 
its quantity becomes Markedly iacreased.  The thickness 
of the transition »OK© is 25 - 30 csu.  Sonstiges the bor- 
der be twee» the.  aaspellfce and dioritos is even and sharp; 
in such caass a thin seam, of chlorite can fee present at 
the contact.  According to'N. M. Usponskiy carbonaceous 
slial.es arc the. product of" the sotsaaoirpb.es.is of diorite» 
por-phyrites, which is bora© out s in his opinion» by the 
gradual transitions between tlieae rock®, as wall as by 
the relicts of plagioclase phetiocrysts in the shales» 
We are inclined to regard the carhonaceox*» shales as 
metamorphosed remains of the roof of sediKatary rooks, 
vbich are nsost likely bituminous clay shales*  The 
enrichment of the- diorites .with carbonaceous matter has 
takers, place as a result of their assisaiiatiö» of the 
carbonaceous shale{ which sometimes masks the sharpness 
of the contact betvrean th<es&  rocks*  A* E. Podnogin con- 
aiders the plagioclase phenocrysts seen in the ampelites 
as new forEiations , associated with the f eldspatfcissation 
of the carbonaceous swatter under the influence' of the 
dioriie intrusion,' which is fully possible» 
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Quarteit.es are the product of the metamorphisjB of 
stone*  They occur as lenticular bodies and band® 
ther with carbonaceous shales,  Their contact with  j 
latter is ordinarily smooth and 'distinct * The rock  } 
ins «-grained, mas save,, iigi.it gray In color,, consisting 
cally of quartv   I 55 -  95 %) '«■ small aaoimts of 
it©*  Apatite s zircon and mapetite are found as 
scry ttsinerala. 

EFFUSIVE ROCK 

In the opinion of N» S. Sirabirtsev, A, K» Podnogin- 
"usive rock, presumably stemming 

, c 
and P» E* Olerskiy» 
from the Devonian Era, has been traced in the form o 

I separate oateroppings in a meridional direction to the j 
| east of the erserald-bearlng ' zone« This is coicnumly ' 
| represented by stronly metamorphosed piagioelase^ and i 
| hornblende porp.hyritos» We have come upon effusive rock ; 
j outcroppings (andesite«porphyr.tt«s .and raeiaanorphosed. j 
quartz albitophyres) ea.s>i of Malyshev Settlement« Prob*-; 
ly, the -effusive rocks vrere also distributed in the | 
e.rfjeraid."-b®aring zone* Amphiboles with typical porphyri- '• 
tic texture which are quite widespread b.er@&fcotits have \ 
quite possibly »can formed at the expense öf hornblende j 
porphyrit.es« ; 

The piagioclase porphyriies are encountered in    • 
the fons -»f sheet*.like bodies; or veias 'which occur con« 

i formably.-with the metaritc-rpaosee formation* ' The rock is < 
I strongly mötastiorpbosad, greenish gray in color, with     j 
j porphyritic texture«  It is obvious under the microscope • 
i that its basic sass consists of piagioclase (No. 20-25)»; 
S aci.inolites epidois9 chlorite and quarts«.  Accessory     ': 
i minerals are* zircon and apatite»  Tina porphyritic pfa.eno- i 
| crysts are representscl by piagioclase (No. 2.5 ~ %0) ,      ' 
twinned i'n .accordance with the' aifoite and periciinc- laws, 

j       Hornblende-pox-phyr'itea are dark green in color, 
I with porphyritic texture»  The basic IMSS is made up of a 
jfine aggregate of aifoite, quarts, ©pi dote and chlorite. 
* The porphyritic phenocrysts are of hornblende and more 
rarely piagioclase (No, 23« kO), 

Til«; aasphiboles are an intensively sheared dark 
green rock with characteristic, porphyritic texture, thus 
distinguishing them from the cfaro-mitun-foearing amphxbolea* 
The matrix of the rock has   a Rematoblastic texture and 
consists of parallel hornblende and piagioclase crystals 

I. 
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with sp.&irasi  quartä grains«     Accessory minerals are   .   ■ • 
eph&Rfc and pyrite*     The  porpfeyrit.ic .phenocrysts  of oval, 
and  less  frequently roxmdiah  shape are  of  uralitio  horn» 
bl®»&«*     Occasionally iha  hc,rnfcl.@ade>  öf   the pfeoncryst» 
sad ra&tri'X are. changed  to  biotite» . ' • 

!L«™(»*">i«»=« 
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8«   FLUORITS 

Fiwsrite  is  eae of the pri&cip&l  fixier is® «■ 
containing'Htiaor&la   in  the  Uraliaia fear&ld .Minca .     It 
i* usually famui 1B  s^arate   grain»,   crystadliea aggregate* 
and  large* Ion*** up  to 0*5 x.1.0 x 1*5  net era  in  B±ZQ. 
Well developed crystals are  seen nor« rar*ly,   for   the        . 
Wst part octahedrons  s»r  ©oeabinations  of  cubes  with- ©eia«j 
fcftdrons.    -Ths  si äS  c.f the  crystals varies  fro«-tenth« 
of a laiJLSiaietar  to  2 x 3  «*».     Fine  fJUto-rite  cubes  in j 
druse for© frequently' grow on silbit« plates«.  The   color 
Is  vioIete'.  rose,   rose-violet4   gre«n9 ■greenish-blue,     p 
yellow* .colorless  fluorit«  i» fotmd.     Quit«  frequently 
"the'color  .in Ott©  A»d the   same '«ample  change«.from eölor 
less "to violet-roa©  and violet.  The  dark*violet-.variety 
ha»  a  faint violet  streak*     Tbc?  mineral ranges from 
traasluccmfc  to  transparent»     The' specific zeigtet  is ;j 
5«i65 - 34.173•■ -It  is  *>.«ariy  colorless  in sectioa,. scmft-    j 
tiK*s  faiatly  light violet bued«     It  is  optically iso-_       j 

'*****" "certain aäarita varieties wre analysed'by the 
spectral  «Jtsthod   (Tatol©   22) » .    _ 

tho  causa of  the particular  coloration  in -fluorite 
still  r@iaai.Bs rather ofescursu     Pieces  efross rsd fl«<ri"U 

•bftcome  colorless  when placed, iu.  s.u»,light  f.cr several day», 
The. presence  of  small  aasoust» ■ of tsasgaaes«   {Table  23)...-i» 
certain fla®rit#  varieties  e-llovs  on«   to  *mrt»is©  a_ consec 
tiem b-&tw®€jn  ibis   element  and  the  coloration.     Such ■&» 
assumption  also   essplftius   tfee   color   change   »>£  fluorite  in   | 
light',   sißcs ssjeiagaueae  has  a  variable  v&XeRCjr*- j 

; In pufre  strain pegjaatitos fluorlte  is   found in th«j 
} f orsB of- spar as  fia»   grains   Cup  to 0*3  «a»)   of violet ^ceior. 
I They.ordinarily Sill up  the  spaoas between  grains  of 
I sdcröcilne   and* quarts; and'ar®  formed  i«. the  last  si&g© 
I of  the pegssatiiie process« 
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Elements 

Silicon 

Titanium 

Magnesium 

Manganese 

Strontium 

Berylliiae 

ZlrconLiV®. 

Iron 

Bari us» 

TABLE  22 

Findings of Spectral Analyses of Fluorite 
(in percentages) 

Varieties 
Violet   rose  -green ,. yellow  light vio- 

let 

«KOOi i'.Jtt 
! .. 

0.0"»      !     0,0,> 

0,0001 
0,05 

0,1(05     i      0,0"' j      0,0<;05 
f!„01       !      0,OS — 

O.OOl 
0,00 

fs.or, 

0,001' 
0,05 

0,05 
0.001 

O.OOr»     !      0,005 
O,O00ri 0,fW*05 

U,00,"> 

0.0005 
0.000."? 

0,00-r>      I     0,0005 
0,0005   \      -— 

0,01 
0,O«)5      '      0,04*5 

TABLE     23 

Chemical Analytical Findings of Manganese 
and Chroraltrm in' Fluorite (in percentages) 

Components  t 
! 

: ] 
•  Ml'lO *   0   «   »     j 

2 3       5 

Y„_a_.JC i © t i e s 

Violet j rose 

0.0026  I 0,0035 

.,  t .,  s color- greeni yellow! blue . I J \ \less _j„ „ ->J— 

..'not . j   -not . 1       i^ <"./-,■» J, t-ouaa   fotmd      0*001« 

not 
f ©und - net n(I «.ot 

ifound 

iP *  ^"t-- S 

Analyst 

3.173   I  3«i68 ;   — : 

L. B.  Tumllovich 

l3»l65 

13 



IK the desiliccmiacul pegmatites the fluorite is 
mere'widely distributed and typified by different forms,- 
.sizes  of gögrögaticcas,. «ni %r®ll as by different color» 
la d«8®ilicoaizeä jn^gaisstites v/ith plagioelssit® leas«®»- 
the basic part of the fluorite is -found in. the form of 
fi&®, violet colored grains irs. the phio&opiie £o»e#. It 
is four.?! if*, lesser q&aatiiy in th© plagioclasit© part 
'of the 'vein®»  In the Latter case fluorite forms larger | 
grains, sometimes up to five to sewa centimeters! in 
cross Eectioa, usually colorless or various intensities j 
of violet«  Associated with fluorite, one observes topass^ 
beryl, apatite, cortrndophiilite aad piagioclas©,.        1 

1st the de&diccmi&ed pegmatites with muscovite«   | 
fluorite lesises* the fluorite appears &B  the main, rock- ; 
forming äsisterall  It aecisrs 1B. the forts of large xs.no-»  ! 
morphic grains? up to ten ess across and leases 0*5 x  1.5 
mater« Is-rge,  Occasionally w-sil formed crystals are 
preaeitt»  Th« colors- are fle»h-red, light blue, violet 
aacl vr&ite«  It is associated with beryl, apatite and 
to'orßiaiiae { filling the spaces tostwaeri them or lying in 
their fissures, thus indicating its later segregation» 
The fluorite 
de s i 1 i c os i z a * 
gates (up to 

sparsely found in the chlorite zoae of the 
i p6g?t?atite.g forms grains .arid grain aggre-  j 
3 x 7 ess) of yellow color»  It is associated 

with ctosrymohoryl  and  phsnacite. ■  ■   I 
la .hollows of the do silicon! zed pegmatites on© ' ■: 

BO^Btim&H finds fine (0.1-0*5 5ß^> w®li forced colorless 1 
and. faint violet crystals {octahedrons) of fluorite; they; 
grow together with h&wenlte on flat-prisiEatic crystals ofi' 
.alb'ite and sphercslitea of ccrundophlllite, Fluorite ; 
separates earlier than the baveaite, which is attested I 
to by the inter growth of" the latter on the fiuorite.     | 

. la pB^cjÄmatolytlc-hydrothermal v&ins fluorite is 
fouiM in  the for.s of single grains   in phiogopit© or 
Hs«.scovit-a~aibite f risges,  The color is violet, of various 

The ßöst. characteristic'-association is 
muscovit«, beryl., nuoiybdanita t spfeal'erite 

xri.i.t?r:,ss. tx0s 
with- alfeite 
and fcornite 

Fluorite found in doloisite veias. appears last«  It 
forms arejaojßorjshic grains (up to. 2*5 ca in cross section)- 
of gresaish blue hu&. It   is associated with, pheaaeit©- 
aiid seheelite« 

Hesse, fluorite'has a large field through which it 
ranges*  It occurs both i». pegmatites and Irs.  pneumatolytic. 
hydrothermal and hydrsthsrraal formations,  The stost usual 
association® for fluorite are plagioclase, prochlorite, ■ 
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cortindophlliitfe j Chrysoberyll phenacite, beryl, topass, 
apatite, quartz, native bismuth and molybdenite«  Fluo- 
rit« frequently fills the crevisses in crystals of     ■ 
emerald, beryl, topaz« phenaeiio and apatite or contains 
fine ineltisioBs of chrysoberyl, which testifies to its 
later segregation * 
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.RARE-EARTH MEl'AL MINERALS 

I BERYLLIUM MINERAL.; 

53* Beryl 

i      . Beryl occurs in the form of columnart   short and 
jloag prismatic .crystals, as well a© ±n tiR©^gr&.inesl aggre- 
gates*  Occas.icss.aliy,,' its■' long,  prismatic, crystals- form 
[aggregates with, divergent structureE • Tfas heads' of cr'ys- 
jj -fr- c U «J  a '$p> ss>-     f* sis v» da *£ ■*.? tals are rarely seen» ' The most us-a&X  £ersjs-«r« (EoksharoV* 
|lS52}s ilMo) and (Oo5l) , while (lßl) and UlSo) (Flg.58)[ 
fare cessidenably rarer« Prismatic crystals- have seaooth 
llustrotus 'faces on which well expressed vertical atriatioas 
fare found« The coltuanar crystals 'have u&evösa» ribbed 
[faces,, Ihe lusuaal «i^fi of the crystal« is 2. «ä x 1.5 3E 6 ea, 
ftout larger eaes are also, mncoiixtt&x-tä » rsachissg & x 7 x 20 
jess«, The crystals are often fissured« the cracks rtwming j 
(chiefly parallal, to the basal piaasoid«. Th«y are filled ■ 
jin with phlogopite (Fig*. 39)* quarts, plagioolas®, fluo- | 
rlt©, native himmnth. and iraseo-Titcu Stm^titne® the beryl i 
ks ,di.seo3itisiu©siä( at Bwsral' speti aacl' separated (Fig« 60) •( 
fl'fee color of" beryl is light gree&s greer*i»h y»llo>r8 yallowj 

d la "broketi varieties whiter' occasionally colorless j 
arystails ©.re found * Zoual coloration of tue crystals ia 
0hsraeteristie -ii-i th© basal pi&acoid, rarer ir>. prisiss 
(Fig. 61}« Green feaci bluish greea hu«*© ir. beryls are 
caused by the« pres&noe of cbroaairaa and partially vanadium; 
yellow is probably comieftted with the pres»nc* of iroa.- 

■SS»¥. Grum-GrahiMayic and L.„ A. Pera«va (1956) ar'e of the 
opinion that different hues iss the beryls basically 
depends' on the presence of sosse particular quantity of 
|f'e.rr©-as iroa«, The cleavage is imperfect« They ra»ge 
transparent to tracisimc^Bt * Is section it is colorless, 
th® decayed varieties are forovn, barely tran.spa.r@itt» 
Critically '»»ao&xial .; negativej sometimes emoisalouftly bi- 
axial» Certain physical aad optical properties of beryl 
are shown 1B Table 48» 
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^Jfc/P*~. «^»«A«!,«»" 

(»V " 

Fi s« AS«»    >0 » seryi Crystals 

Pig* 59»' Beryl Covered with Phlogopite, 
Natural size* 
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The irterplanar spaces-of beryl and emerald are 
identical (Table 49)». The..,material for an X-ray struc- 
tural analysis was chosen from a ssonal crystal of be; yl 
(from the phiogopite zone of desiliconissaed pegmatites}« j 

To ascertain the nature of the water content, j 
the beryl was ihermicaily analysed« No thermal effects j 
whatsoever were discovered on the -heating curves,which is 
in all probability corrected with a very slow release, of ■ 
the water (Fig. 62)* According to K. A. Dilaktorskiy (1931) 
the basic bulk of the water from beryl is released withinj 
the r<~>n$0 of 890° -- 920*» while according to A. I« Ginzburg \ 
(1955) it is at a. temperature from 890° - 920° to 1120° « ; 
11.80° . . ; 

The recalculations of tue results of chemical 
analyses of beryl  (Table 50) have produced the following ; 

formulas: : 

Fig« 60. Light green beryl crystal  broken by fissures 
and separated toward the longitudinal, axis. The 

 £xsaurBS__»rjB_f ilied v.ith phiogopite . jj[at_^jgizej»_ 
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Among the isa&orphifc admixture» la the feexJyl, 
sodiuia, lithiu», oftlcla«, iron and magnesixim we.r« obser- 
ved, while in o-rse case a considerable amount of potassium 
was*discovered together vith sodium in the beryl (Table 
50, analysis l). 

Fig* 6X«  A Zoa&i Beryl Crystal 

I In beryl  fro®, a  awacovlta-fluorite   lens   (Table  501   assaiy- i 
-{sie   2)'t   chro»i%Mö»  «aagaft«*«,   copper,   nickel  and vftn&di««B    | 
fw^r®  estab.\i«hed  is addition hy the   spectral  method. ■! 

! 

Table 48 i 
i 

Physical and Optical Properties of Beryl     j 
lpw^.^,.,™~»~-™...™.~- ............. j 3»^ j ^ ■ ^  JN»j»e 
I Locality where the    Crystal iorss | Color  wt.j 
I     sample  was   '^^.e^„„_ J^«»^^^««J--.-- »~l—.-—•-•-■ 

!     p».«».  *,«*•»   «**.*•!* Shürt   COluffl-      liefet     ix-jc i.W»iw« MM» i    Froax pitre  strain 
j    j>egeaatii«s   (see 

Table   50,   anal.l) 

From  the  pfelogc«» 
pits  S8011© of  deail- 
icoRiaei pögnsatitäs 
with  rauscovite- 
jflMorit®  lessea 

Short  colum- 
nar 

Long prlssss 

light 
yellow 

light 
gr©»a 

1.1© j »530 

 JL 

l-SI^ ,0.00t 

19 



Locality  where   the 
isaasple  was   take«. 

(see  Table   50, 
aaal.   2,) 

Front 'pl&gioclatse 
• i&n.sas in dasi 11 - 
cor,,±z€d  psgaatiies 
C kao-I.ia.ized beryl) 

Frois  the  phlogopit© 
zone  of  desLlAcoii- 
jt&ed  pegisatitss 
wi t h p I. a gi a c 1 a a « 
leases 

Fr<>JS pn<aurea t o ly t i e - 
hydrotfeeraial   veins 
(se e  T ah I e   3 0 *   a M 3. * 
3) 

Table  48» . (oontismad) 

Crystal for«']   Color !sHf- He 

Lcmg prisms; 

IS« 

Short prisi' 
I «Katie 

gi-ees-i- ls.t83i.5B0 
isfa        I        i 
ifiaite -j   .     I 

light 
gresn 

Ü   C C* -i. O &** * 

11.TO 

* 

He »' 

IS'M? 6J6fc 

1.5SÄ Wft 

1.88» IPS a-.e©fe 

Four  beryl   sample©  «ere   analysed only by  the   specH 
tra.1   sse-thod?   apart  from  the  chief  coKponeKts,   th©  «slesJÄtes 
listed   iss. Table wer e   disc eve r e d» 

?!     I    ,    , »!«<« *i-Ä„„4—1....„L...4  
8 6 S 

I  1 ! 
I  I 

t 

iä m ms m m m m 

■am* 

'~MTlm m"t 
,-^.i™.,.«, 

0 m $$mv 

Pig»62„ Curves öf temperature (1) and weight loss (2) in. 
beryl * 
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TöIJXö    49 

Interpl&n&.r Spaces  of  Bs&ryi  «md EiaeraXd 

\ %jr^Z r&cfiation 

Bervl 

No»o.f I 
i ine »1   ' Hit A 

3   ' \,m 

l 

H 

9 

1« 
H 
12 
I:J 

14 

ttf 
17 
IH 
tü 

23 
2'. 
2.*» 
2Si 

27 
''K 
3 
30 

33 
:ii 
35 

« 
tu 

is» 

.4 
■1,5- 

3,2»'. 

2,Hö" 

l 

2   t'i   V 

3,5 
3,3 

r» 

■1,5 
'« 
7,5 
7, .7 

I..20.7 

2,3        1,130; 

37 
38 

40 
4 t 
42 
4». 
44 
47- 

47 

4i> 
30 

J, 71« 6 53 
1, Tttf I .Vi 

i «525;! 33 
1 Mrt|' 30 
! noo 37 

— 58 
I 5Ü hü 
8 454 - &J 
1 127 ■ Jil 
1 ,:im 
i '*7^'* 
i ,350 

'««5?,3 MM, il^-Oß'mj 

Esser aid 

4, 3 

i,047 s! 

1,01'» 
0.097 ■■ 

0,93!? ' 

tV3i3 

0,83i 
0,H'»7 
0,83-1 

'0,814 

fi 
7 

» 
10 
IS 
M 
13 
\>* 
15 
K> 

.17 
jB 
lft 
20 
21 
22 
23 
24 
25 
26 
07 

2& 
29 

:n 
32 
33 

3". 

HHft 

3 
8 
*> 

8,7? 
7,1X5 

4,83 

3,97 

3,,!j3 

2M 
2,3'J 

2.5 ! 1,858 

1,71«) • 
1,7'« 
1,701» , 
1,62t'' 
i,5fö;'. 
i,n6:>" 
1,529,, 
I,SOS ' 
1, W.i '■ 
I.428.J 
t,3t53' 
1,27."»,' 
!,23'Jh 
*,23« : 

\,2<>2. 

l,17«i' 

1,!-46;| 

i,il3'j 

*5 

5 

s, 3 
3 
"'.. 5 
•> 3 
•> 3 
5 
*» 
3 

~ 
j 

4 
«> 
ts 5 
3 
1 
1 5 
•1 

1 

33 

37 
38 
39 
40 
II 
42 
43 
il 
4.7 
<$♦> 

47 

'»8 

30 

—S 

.73 

36 
57 
.78 
.70 
no 
61 

1 
l 
2 
i 
1,5 
t . 
i 
2,,"» 
2,5 
1 
! • 
1 
2 
1- . 
t 

1,08! 
1,071- 
1,06-1 
1,046 
1,027 
1,012; 
0,095 1 
0,065 ; 

0,957 
0,§30 
0,91!). 
0,91.3 
0,891 
0,870 
0,8ä3 
0,849 
0,836 
0,833 
0,820 
0,815 
0,812 
0,806 
0,798 
0,786 
0,784 
0,78i 
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The greatest amasber of elesaeat« waa disco-v^red 
i& tls.e beryl fro>rE plagioclaeia ieisses in d©siliconia©d 
pegsaatites»   Milch  clearly  reflects   the-  mc*r®  complex :' 

ai cosapärisoR. with efc<sesieaj.  composition o-f   iltsse bodies» 
pure  strain pagctatitfes« j 

Besryl,  .«,2j.d',fi,rgoe.s  all  stages  is. its f@rraat.iois., | 
foegiaaiiig witii high  teaipsrat-are pur®  $ train, pegmatites      ' 
&nä winding uv with law toflfmör&.ture  quarts!; %'ei:aa* < 

la. the« fims« e'n4 i»ö«iu«är grained pegmatites of the j 
pare atraio. which "occur in granites ^ beryl is fotmd as ) 
&n accessory atiföer&I is the for® of .fitaa grains with a I 
light yellow ör light green tint principally associated I 
with p&isi&h  fa-Id spar-a 

B&ryl   cecxarrisag  ism ;medium»  and   coars©«*grain©d i 
toxturöd p«gsa.t.itft&   ea3l>sdd«d  in  amphiboles  and  dlorites    t 

(   for as fime-»grei'n?*d  figgr^gatös   or  prisjaatie   crystal's  with    j 
|   light  y-elXö-w or' pale  greertj   »early white  color»     It  is      j 
|   wsu&lly sa,consat«r«i4 tnlth potash  feldspar  grains  or  with      ! 
1   their  contact  with, qiuaxtse.,     It  its  associated with apatitd, 
I   fltrorite«   «jöltmbit®4   jaoXybd^nit®  and  garnet» " I 
| las pfsgsatitss'  with  block  structure  beryl  is most • i 
j  widespread in tlie  southern part  of the  EsueraXd lilrms» 

It  ord.i3iari.iy  forms  iargs   £hort-priss»atic  and  columnar 
crystals weakly tictsd with light yellow and  pal®  groaa 
soeeetiBses  -with «aet/sn ribbed  ■öwrfacss«     .Nearly whita 

j  varieties  are  oftea  foimd«     The   «is©  of   the  individual 
|   crystals reaches  13  x. 18 x 25  cm.       Crystal  concretions 
|   And pockets  are  f&iairl  irs   large  block' sections   of  the 
i  v&inas  and  at  the.   cosst&ot  foet'we-ess.  the  ssieroelisie   sons*  an 
i  quart ss  ccra*   asora  rarely,,   beryl  is  pre««at   in  the  micro< 
|  elxxie  and  quart»  body« 

Tfee  'fcs&ryl  im dssilicctn.iÄ®ii pegmatite»  is  encotm« 
:x  the  fora  of  long prismatic  crystals  with a tereä i 

blue  green color«,     Their satirise occurs  in the- phiogopite 
zone,  Tie&r the   ©cmtuet with piagiocias©  cor«»»   and cos» 
«iderably I«ss  ifreq^MmtXy with  the   core«  th.amsel-va.'g. 
The beryl,  crystals  ccmiaia&d i\% the  phiogopite  aoae are, 
as.  a  rtal®,   strongly  corroded by the   phiogepit®,   coävtaim- 
ing  largo   quantities  of  it&  scales  in  the  foras of  iBelu- 
S10E.S»   &nd are   eracit®d*    .The   cracks   are   filled with 
phii>so|>it©  and  chlorite*     The  ssiae  of  the  cry&ta&s varies 
froffs  quit©   t:lB.y  to   2*5  as:  3«0  x 10  QSEU     In  oxcopt.ioB.al 
cassss   the -crystals 'r«aofe  20   ere  is  leragih»     The" color  of 
the  beryl  is  biuiash  green,   rather- Intensive,   sojastimes 
imae-reiaXy  distributed  ixi  spots*     Of tea  sscmatl  caloratitm 
is  found in the   crystals  wltk piH&coidAl  er prismatic 
form.     The- periphery of  the  crystals  is  light gretn, 
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Table  5ö 

Chemical Composition of Beryl 

I *   L i gh t   y ß 11 o w {"."a erbt: *   ivXgnt-   green Colorless 

4. 
5. 
6* 
V. 
8 • 
9« 
10. 
J„ X t 

JL- *» a 

13. 
14 
.t >« 
16. 

1?. 
1 P 

19» 
20, 
21 * 
91> 

components! 
weight % 
atomic quantities of cations 
atomic quantities 01' oxygen 
atomic quantities of cations, 
weight iii perr.-entagt 
atomic quantities 01' cations 
atomic quantities of oxygen 

computed: Tor 0 

OEixc quantities of oxygen, eorapute'd for 0 
weight in psreenta,!-« 

18 

18 
atomic quantities! of cations 
atomic quantities of oxygen 
atomic quantities of cations computed for Ö 18 
total 3UKS 

Analyst and.  year of research 
I. R.aaiaa, 193? 
M*Ye«   Siaaakova,   li)k5 
V»S » S a i t y ko va ä   i 9 -i 6 
Note, Sample 3.. f'rorsi pure strain pegmatite with 
structure? sa&ipls 2, from a muscoi'ite-<f luorite 1 
in desiliconizsid pegmatites.; samp Its 3„ from an a 
qua r t a v e i n * 

bloc! 
ens 
I. bit« 

!3# 



I. JJfJ»'J-I» «If 

'fable     53» 

. F'iij.diiigs  of  Spectral  Analyses  of Beryl   (±n 
percentages) 

EXemewts 

Maiaga a® se..., 

Bissnxife'- -< 

ZJLB.CS •» - -.. .„, 

Qalli.UÄt ... ^ 

Cöppsi\ - ~ - 

Cobs It - -. '• " 

Nickel.- - '*'. 

hxtfalxm -■ ~ 

Sc.&m&xnm - ~ 

.Titanium*- ■ ' 

0,001 0,001 
0,005 
0.005 

0s6i 

0,0! 

0,01 

o.öi. 

t     1.   Bluish    2»  ILwisfe    3«G2"©©K.>«     4.L±gbg 

'.' whit« 

.0,005 

0,05 
0 
0 

005  ■ 
001 
0005 
001 
COS 
5 
025 

o/ocs 

i ■N&te*   Saroies  I»   trom at  ssauscovite-fluorit©   le-asj 
sample   2s,*»   3*   frcm &  quarts  lensj 
serap3.©  4«   froae a  plagioela.se lens   In d@sllieoB.isad 

pegmatite. 

almostt  eolorlssK,   the   esatar  a  rieb,  gr#>©n.   (easesr&ld) 8  The 
beryl   crystals which  tend  to -b©  located in the pl&gloelasö 
part  of  the-veias  are  characterised'by'go©d preservation» 
a  ssssll number  of  i» el «si on is »  l®,ss  fisauring aad fainter: 
coloriaga     The  diats&sions  of  tha  crystal©  are '0,5 x 0,6 x 

! x 4 .caa*   larger  oass  arg rarely  ssscountered.     Th@  cracks 
I ia  tbe   crystals   are  filled  is with plagioela®©  and  fluo- 
Irlt-e»     The  beryl's  color  is  greeaish folia®,   occasionally 
|rather rich»     It is   associated with apatit«»   chrysobsryl, 
[ alesaaäri:i^1^lußri,t£^|xl^^la^Ä&Ä. and beryl-containing 
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^4-_^,  ,.  _«~~~ 

marg&rit©* . . 
The beryl ±n mtascoirite-riuorite lenses of" desili 

coB.±z©f| gegssat'itas iB represented fey amerocrystallin© 
aggregates with, a light green e©l©r* It is associated 
with fittorite« apatitSjj jssuscovit©, topaz« quarts, moiyb 
dejsite, native bismuth and cortsadoplaillt®* ■ It appears 
to have an earlier tlis« of segregation than all the o 
tsiiaerals with -the exc&ptio». o.f apatite, whose- isoraorpbic j 
crystals . «re sometitaiss' laciuded 1B the saacsrocrystalline j 
aggregates  of,beryl« ' ■ ■ 

In hollows -i». -the feixtscovite-fluorit®  IBXIBBB  on® 
finds  very .flue  this prismatic,  nearly  colorless  crystal«. 
of berylf   directed toward  the  long side perpendicular 

I   to   the   fafios   of  the  macrocrystalline  beryl 'aggregatess 
I   thia«  attesting  to   their  later  segregation« 
I ■   IK. pjieu8sat0lytic«hydrcth©raial  veins   (al'bit a»» quartz 

«aufacovitft-quarta  and alfoite«»qu&rtsB)' beryl   is  fotind  XB  the 
I   form of  large loiag pri.ssiat.ic  crystals f   intergrowths and 

pockets   Ctsp  to  10 x SO  cm)   distributed &l.mxg  the  contact 
between, the  a Xb.it«  or alfeite^BnsseoTite  -zon» &nd, the 
quarts; body«   . It  is  ®®«sii considerably l<aas: eft en is.  the 
quartz body  itself  or  is   the  albito-Kmscovite  aoae«     The 
crystals  are weakly colored  graes. and  grö©K.ish,«»yellow» 
on. occasion jest  a'bo'Cit  colorless*     The  fissures  la them 
are  filled, with   quarts g   igm&co.-vite  &:&d  albite» 
of  individual   crystals varies■ i'roisi is.2  se  1.5  ac 
5 «5      2£   6»0   2C   10*0   CBS, 
with' quartzs   mu©c©vlt< 

•n©   six© 
to 0    «S 

The nsost   typical  association  is 
,   a.lbit0j   fluorite,   «phaXerite, 

MClyfedeBite s   bortiit©  asd,   cfealeopyrite* 
la  «ill  vela bodies   crystallisation of  'feeryl  began 

earlier  than  that   of pfelogopite *   jauscswlte,   flworit«, 
chrysoberyl,   p!tes.acite,   topaz,-   while  the  emerald, began 
to  f'orKS  first,   followed by beryl, 

'The   processes   of  alteration  of fo'sryi  arad  its 
siibstittitioK    with other minerals  does  not  hav©  a wid® . 
distribution,,   although  in  ce.rta.i2s.  sections,   especially 
in  the  piä.euiaaö.tolytic->hydroth©rmal  veins,   they  do  appear 
rather   Intensive» 

The  beryl   is  d@siliconi.sed pegEiat.itas  ©ad pB.@uinato|» 
iytxc-hydrothermal  ve±K.s   i»  replaced  at   later  «tags»  la 
th©  hydrothermal  process  by bavfcaite   (see  Fig-*   83) *   bert 
rasdit©  and  berylliuEi'-oon.taixiing microcline»     In  the 
hyper gens tic   »one   the  beryl  is   s0iieti0s.es   completely 
substituted  by  kaolia •       Iss. pure  strain pegmatites  the 
.replacement  process  appears  considerably weaker,   and 
feertraadite  is mainly -developed  in.  lieu of   the  beryl* 
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0. h THS EMERALD 

In color intensity and transparency the 
emeralds enjoy worii 
p r i s ma tic (FI. g . 6 3) 

the cr'i . t.s, s, x* @ 
Uraiian 

their size is I x Is 3 or I x.  .1*5 xi 
x 5 x 20 cats  Druses of the 

color is green, with 
x 5 OJBS sonsetimes up to 
crys t aIs a r e 0f t ea f 0 u»d. 
varying intensity,, ranging from bluish, green to rich j 
green* Zonal coloring of the crystals along the pinacoi-j 
dal face3 is characteristic of the emsralda; the peri* j 
phery is roost often nearly colorless, the central portion 
intensively colored bluish green,, the opposite appearing | 
more rarely» Zonal coloration is occasionally seen on ] 
tiie prism, whereupon thß change in color intensity is ; 
shifted along the longitudinal axis of the crystal, i 
several intermittent bands of varying intensity being J 

present in esrtain crystala. ; 
A large number of inclusions of phlogopite» talc, [ 

Rcti.Ko3.ite 4 tourmaline, cracks in the crystals and uneven! 
distribution of color lessen-the quality of the emeralds ] 
as precious stones«  In. certain instances the emerald   j 
crystals have been strongly corroded by phlogopxte, suns- ' 
covite and cor<undophi3.ite, they are often split by cross j 
fractures along which one part of the crystal can b«     ; 
turned in. relation to another1 at a 30™ kO*   .angle around  • 
the Lß  axis*  The cracks are c»rdina.riiy filled with 
plagiociaae, quartz, phlogopite (Fig» 64),. ffluscov.its and 
fluorite.  There are particularly maxkj  inclusions in     \ 
emeralds embedded in phiogopite, whose flakes either 
gird the crystals (Fig* 65) or interlock with the&i»      > 
Sometimes the phlogite flakes nearly join tha central, 
part of the crystal, at the same titce as the peripheral  ; 
part is absolutely free of inclusions and almost trans»  j 
parent (Fig. 66).  Crystals which are contained in plagi-j 
oclase ox- quartz have less inclusions s their faces are   i 
smoother and more lustrous , although they are less foril- j 
iiant in color«  The refraction indices ares No ~ 1,$86f j 
Ne ■•-■■   1*582., No - Ke s 0.004 (the emerald from talc schist)i 
The rema.ira.sg physical and optical properties are similar1, 
to beryl«. 

The heating and weight loss curves for the emerald. 
(Pig.» 67) sre similar to those of beryl» 

Recomputing the findings of the chemical analysis 
of the emerald (Table 52) leads to the formula; 

(Nao,32Caot9s)o.foBe2,97{Ali,e6Cro,o2Feö"(o2 Mgo»26>h96 lSis,99OJ8]*0,4H2O,  

26 



i.ö, the coRiposition of the   emerald is contained in the 
general formula. oT .beryl«  Only the lack oi aiuminuia and 
presence of corsidersöia .a*ROUB.t. of ma gnesij.m  attract 
attention«  Tue latter probably ■isomorphically replaces 
alumin«Ri according to the «eherne 2A1 - JKz,        The occur« 
rence of considerable amoxm: of ma,rsesxiiffi Li'». t>. emerald 

:B ", aii d. i um s t r uc t ur e it. moreover also produces 
among the isosnorphic admixtures in the etnarald one finds ; 
calcium, iron and chromium.  The presence of considerable! 

'■amounts of sodium (1*80 percent Nao 0) with a large ionic! 
i radius in ih« beryl strudture' has been unexplained up to'; 
jnowe  Bragg, in 1937» expressed the supposition that the i 
j sodium ions are arranged in channels intrinsic to the 
j structure of the beryl» 

.Supplementary to chemical analyses 01 tile emerald [ 
I one Iras found by spectral investigation" -lithium (0.1?4), ; 
j scandium {0«ül5%)s vanadius (G»0J%), nickel (0*025%)«    

; 

! copper (0,0023%) , gal HUBS (0»0015o), bismuth CO,0005%). 
) Then spectroscopic analysis was   made o-i" the second zonal ; 
cryvtnl ■ 
ponents, 
& X" c o. #. 

eawraid, in which, aside i 
.e elements presented in T= die 

t n e ba s i c com~ 
33 were discov- 

U« 

:M&S 

mi 

i&röi^» 

-I 

I 'Is IffllfcM ««** 

-1 ?*»• 
St** ; 

•h'h: m 

• ■•fÄ^iftw*#4piwi#^ 

"ig*'o3* Emerald crystal in Phlogopit 



v ■ 

mm 

Fig* 64.  Filling; is. of Fractures in Emerald 
with Phlogopite (#.\. )« Natural size. 

i™„ 

Fig» 65* gnvelopraent oi\ Emerald Crystals with Phlogo- 
pxte Flakes^ (f^l^m^turixJ^s±z3^»^ -„  
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Cosapexis&ii  of   the  data  tr&m.  ch.emlc&l  and.  spectral 
analyses  shows   that  the  emerald* is  characterised by high 
eferoislc oxide  co&fcemt   (0*25^)   i.e. r&l&&t±on to' light  green. 

■beryl'of   the   same   deposit   (ö»06^„   as   well  as  by  the. \ 
present'-s  o,f  .«eandiuas   (0«G2:5 «• O.Q390   «K>i  vawadiuos   (0.G2  - 
6.05%)*     Determination of   the  chromlm»  content  i»   the 
e&er&ld f'^om  the   Soras&rsöi' deposits   In  Soatb.  Africa,made     . 

;Pig<,. 6-6,     Filllag  is  of   i&ö  Central 
Part  of  &tt  Emerald Crystal 
with  Pblogepite  flakes, 
Kati;.ral . si&i» 

a t   the 
logy* Geese he- 

Q£  tfcs 

cal  laboratories  or   fcao   Institute  of Minera« 
nsifetry  and  CrystaiXoofaemistry   «*'£' Har©  Ble- 

' Academy  of  Sciences  TJS3B. s   has   sib own  the   samej 

•     i     f    »     i     I     S     !     !*     !     !> .     ■      i 

saJMM«(U'- 'f'*"""" I 

I 

rtflM*tfc> vTr. 

■Pig«6?* Heatiag (I) sad Weight Loss (2)   Curve of Effi.eraid 
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content1 in this «ftmpl* iö*%9%  Crg©3> &a  in  the «»erald 

described (ö*25S'fc Cr,.').«,,,* ,* 

Emeralds  are f'ouad oxxXy  is. id@aiIicoais.ed pagüsa- 

It  £3   considerably rarer  that   the  «*Ks&rald crystals  &r® 
©bssrv&d.  is.  tiie' phiogap.it««talc  aoaes   ia wh'iea th<®   talc 
lias  formed «Itls pfelogoplte« '  I» isolated cases  th©  fine 
eaeralct  crystals  occur  in quarts;  separations  xn  the 
pl&gioclasö  cores,   as  well  as  in act±:&ol£te  lenses  mnd 
phXogopite~-treKnol.it®  son®««. 

Table   52 ■ 

Cl-lresaieaX  Co3Sj*ssä,tios5. 'of' ths?  Emeralc! 

■Co.5tpoAex1.ts? «eight  %    Atomic   qu&ti- 
titit^s 
eatioas 

o.t 
A.'t.c^ät'.xc 

ties   of 

» 
1/ 

Ato.wlc   ■ 
quantities 

for  &xS    ', 

S108  - 
TtOj  ■ 

BeO 
MeO 

G&O 
Mt/) 

84,69 M?70 2,4540 5,09 
Be oCx „,. „. — 

13, % 6 ■ o.as^ 0,4 464. iM 
0,25 0,00'K? 0,004-5 0,02 
0,35 0,00« Ö,Oü86 0.Ö2 

13,37 f      0,531,5 0,5545 2,87 
Gt. , ~ 
1,80 0,0469 0,048S: 0,26 
0,80    ■' 0,0143 0,0143 0,06 
1,80 0,G58G 0,0290 0,32 
Cfi. ,~_ .-a. 

1,29. ««» — 
Ha W5H. ' ~ -~ 

mm. 09,60 1,2362 

M. Ye® Kazakova,   1957 
S Analyst   and 
year  »f   in» 

I v#sti.eatiosi '«'„"■ 
I Kotes'Tb«  aiialjaesl taeraXd  C/asas  fro« the  center of 2SOJ&&1 
L-L AXKSISJLL.- - 
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As   has 
which   lie   in   - 

already  been  mentioned  above,   the   emeralds 
he   pb.logop.ite   zone  are  well   facetted, 
screen  color,   sometimes   unevenly  distributed, 

contain  considerable   sjiiotuais   of   Inclu» 
trans» 

&.UC 

äs 
are fracture 
sions,  At one 
parent crystal of p 
in size and rich green in color 

action of pblogopite shale a single trans 
." pare emerald was found, 6.5 >i Ö x 12 cm 

This sample is aow 
kept at the MineralogicaI Kursus» of the Academy of Sei 
ens es USSRe 

Table 53 

Findings of Spectral Analysis 
of Zonal Emerald (in %) 

Elements 
"JWipnB«'.' jJ;6tKJ 
v,!i.*h »si* groan 

Central £*>«* 
wit-h    ütfkt   bla.e 

Vanadium, 

Nickel->_ 

Gailiusa - - 
? Lithium" 

Scasdiura ■ 

Cobalt *' 

Copper'' 

0,005 
0,0? 
0,03 
0,«0i 
o,ooon 

f),005 
0,07 

0,0005 

Emeralds found at the phiogopits-taic zones also 
display an  intensive green   color, occasionally containing 
significant amounts of phiogopite, talc and aetinolite 
inclusions (Fig. 68).  Emeralds which occur in pJagioclase, 
on the other tumd, contain the leas 
corroded, aithough the intensity of 
weaker«  Weil facetted crystals are 
.usual size of tha crystals is 0.8 x 

in elusions s, are less 
color is considerably 
seldom met with» The 
0,8 x 5*0 cos, soiae- 

.18,03 somewhat larger.  The closest associations charac- 
teristic of the   emerald is with phiogopite« plagiocla.se, 
i' 1 u o r i t e , t o p a %, & p a t i t e a n d b e r y .1» 

The color of emeralds, as has beer, mentioned above 
is connected with chromium for the most parts which is^ 
gotten from the enclosing rock*  Uitrafoasic rocks (diinite 

l_ 
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peridotJtöj   pyroxenite)   are  favorable  for  the  formation 
of   -Siiieralds.$   as   are   the   products   of   their  rafstataorphism, 
^.i-r^eniiMe,   and   eh:ro«I«aä*-bearing  amphi'boles *■    Is,   thick 
veins   where   the   interaction  processebetwseti  t.hs  pegsiati.c 
solution  enölt   and  the   enclosing  rock  took  place  most 

■ intensively,   more   chrojaiwa  eiriered  the  fa-alt   solution  and 
the   emerald©  have  a  richer  color*     In  this   instance  they 
are   ordinarily'found  at   the  phlogopite   acmes*     When  the 
reaction between,  the  pegssaiite  sol-uticm aislt  and   the 
enclosing rock proceeded  less  vigorously,   less   chroatixiiB 
got.  late*   the   sol'otioa,   the   asseraias  became   colored with 
s.   fai/iter   green and  ordinarily  tended  to  occur  at   the 
central  part   of   the  Y&ina f   at   the  plagioelas'e  body  or 
cores   (Fig,,   69)0 

Ä 
pfl 

mm 

Jm '■ 

C >t % S*-1  Y* , '      **, ,~   °<* ^Vl J I 

«lip 

•."'■ ■ ■ •"•■• ■••<: '•> M%t? ÜH© 186 «I 
Iß» :p! Äfe 

ÄiSÄiP*!*!! fysiii 
%&&$SbäF !*¥* «alt ■4*   ■   VVf*fiS{<m^äg< 

Fig«63» Inclusions of Phlogopite (!$.)* 
Aetinollte (Ak) , Tale. (T) and 
Tourmaline (Tp) in Emerald« 
M&stn.SOsc« Mic «•*■ 
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§ 
ri- 

fe 

■■] 

'&>0L 
*?"■**■«.' 

- &$$> ■£,? w> 

»m 
i!ti$S 

Si 
.4*1 JW 

gj.«SS»»„. 

.1 

«agnate* 

"ft"**/, •?*( 

'4l 

i»*i;S*S 

69*      Baser aid   in. 
Kat 8   size». 

PI a gi o c 1 a s e   L eas 

P, ft PHENACITfi; 

Piienaeite is fouad as an accessory mineral ±n ! 
dssil.iconx5E.ed pcsgsta tites,. cJ. in chum it es and ioloaiite * \ 
apophysee which cat through serpentine«. It is found in \ 
crystals» ranging Jt'ro«! 1 x 1.1 x 1,2 to 'i 1 >.) 1 S cm j 
Is size, and in isolated eases going- up to 8 x 9 x 10 ! 
c-Hi* Occasionally crystal aggregates are seen with the i 
dimensions 12 x .1.5 -'« 18 cm* The crystals are principally j 
short prisE«atic (conjpressed along axis C) and rhomboheciralj 

~ J~ !  "" hv the development, of the ioi.lowi.rig forms   1 c h a r a c t e r i z e d b y 
(according to K. I. Koksharov) : It (iOl.i), a (1,120), p (1123$ 
(Fig;. 70 a. 4 b}*  More complex crystals are rarely round  ' 
whicl»_a3suaß thg^ following shapes: R (2.0.11), a (1120), 
p (1123)s d (1012), g (1010) (Fig. 70 c)«  The crystals 
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f"-" j.-P*««*B^lii*«Wi««i* wiaifc* r*<- )tttti"*?>.i *f- i*»v*ipi»S'**w 

:Veqw«»tly have  sEsoothfcd out f&'ces,   corrodea fey pß-Aogö»   < 
>ite®  " Tht®  cracks are filled with, flak«g  of   cMorit« ami 

?1) ,     T&e  Bhett&cii©   Is  »st  often  colorf P 
phlo göp & t «* 1F i g 
less» psl.I'üoi*3.s less frsqmmtly t^iöö-yellow and  yellow 

*« fib« color in one aad. the- ssse crysta 
^Hfi«.     Ths  ®'i».e »yellow 

la souse  iB.st#aees   ?a» 
varies  frbsi cc-lorlfö^s   t© wi »««-yellow* 
variety loses lt-f color «lies, p i:& isisuligfet  for  sosse 
time,   beeosäifi^cdlörl&ss«     The ^ claavag^  in   C1I20)   is 
el$ars   1B.  (1011} ''ineoiaplet.o« It has  coräeiiäidiü  fractur-e, 

^""■jf ^i-^,. 

/; * 

j./^ 

1/ „-V^^..,^. 
**** 7***. 

'V-. 

i :        M    fU   Tl -^    fM 

Fig« 70 Ca* bs c). Pbeaaeite crystals 
(according to S, I» K©ksharov) 

Tite   gla».c©   Is   glassy^   sosse trusses  ■sreak.l.y & slaamsitlB®   •      It 
I   is  transparent  to   translucent•     The  "broke», variety  is< ^ 
I  opaqu©e   ■ T&a   specific  »sight   is   2*958 ""- 3*001   (Table   5%}*. 
I  It  fluoresees  light bit*«  or yellow*     C®rt&±n varieties 
I poosplrssrssce       i-riih  a  rifch  grests  has« 
I Pk0B,aeits  @ectio:as  are  colorless *   Xt®  decayed, kittdj 
I äisslays a grayish fercvrs. color. It is opticallync&so&xialj 
| and" positive« * Refraction, iaidicf s % Ms a 1,669? No at le65^. 
I Es *»Sto a  0*0.1.5* 
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^ig*   71.   Plisiiacit©  Crystals  Overlain 
hy Fhlogöpite.»   Hat»   size* 

Tfae   xxiterjxle.n&r  spaces  of  pfaöii&cito  sss&stsrec! with 
a deb«».yegr&ifc are presented in Table  55»     A calculation 
of   th© . results. <sf  a  chemical  analysis   (Table  5&)   boils 
down, to   the  tasual  foraaula  for  pihanaeite  Bs.,,5±€K »     Among 
tiie admixtures  OJI«.*  fiwds  slight &mmxnts  of  sodiws»,   potas- 
sium»   c&Iciwis a/ad saAg&esiuäBe     By spectral'analysis   the 
following wer©  discovered  to  boots   chroesium»   titaititiui 
(0*00.5?!)«  leaag&aess   (Ü »00.190   and  copper   (0*0005?4)* 

1%'dBs.cit®  is   ordinarily found at  the  chlorite  and. 
pfelogopit«  zones  in deailloosiised ps&gssatitejs  or  at  the 
contact batsrofe»  tb.©Bn     It  sfctaetiaass  forass nest»  of huge 
©rystala'  Cup  to  10 ess.)   located at  the  chlorite  leas®»  or 
zones.     The  crystals  are  colorless„  water-clear,   wiae- 

; yssllow,   and   yellow,   often, fractured»     The   cracks are 
| filled in with  ohlorite  &xsd phlogopite«     The decayed- 
Jw»»**r.M*bM^m 
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phenacite variety is opaque,  Phenacite is associated 
with fluprite, apatite» curysobsryl, alexandrite, tour- 

i mal ine t ''beryl-containing margarite , phlogopite and chlo« 
rile * 

Table $k 

Specific   Weights   of  Phenacite  Varieties 

Var i e t y 

Transparent 

Wat er »■Clear 

ft n 

»ft! 

If ft 

Wine»Yellow 

Spec. wi* 

2.969 

2.996 

2 „982 

3 • 003*. 

£j & y ^ O 

2,939 

Investigator      j 

Nordenschild (18333 

un \ 

Koksharov (185?)  ' 

Breithaupt ; 
1 
1 

Ktxtukova I 

Phenacite found in dolossite apophyses in assocla- ! 
tion with scheelite, fluorite and pyrite is of hydro- ; 
thftrsaal origin.,, notwithstanding the fact that» if one 
can judge from the literature (Pough, 193&) its short ; 
prismatic form should be an indication of formation at ■ 
a high temperature * i 

Phenacite has an earlier segregation time than.   | 
apatite« fluorite, ph.logop.ite, chlorite which fill in 
the spaces between its crystals.«  Phenacite and chryso- 
foeryl commenced crystallisation ».early simultaneously, 
the crystallization of chrysoberyl coming to an end 
somewhat later (see Fig» 7^) «> 

Veins with a strong development of chlorite and 
talc zones are most propitious to phenacite foraa&tion, 
since chlorite and talc are the main absorfoants of oxides 
of aluminum and silicon» although the shortage of these 
oxides produces phenacite instead of' beryl«, 

At certain sections in these instances where the 
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Table 53 

lB.terpXas.ar Spaces of P'heaacite 

(Cu-radlation,   HK   SS   ;>/*>, 

ii'fet 
HO, i tie s JW: Ji'Ksti« 

19 
20 
21 

23 
24 
25 
26 
27 
28 

2 
4 3,5 
5 '> 

6 r- 

7 2,5 
8 V 

9 1 
10 2 
11 K 

12 5 
13 3 
1-i 6.5 
15 

10 

4,23 
4,02 
3,83 

3,34 
ö, c£ 

3,11 
2,98 
2,00 
1.Z\ 

2 18 
2 lit 
2 008 
2. 020 
i 78-J 
1 720 
$ 5:22 
<* 
i 409 
1 ■if) 7 

1 •)3S 
1 ■■''2 i 

1 308 
i 3(Jg 
1 2!>5 
1 252 

30 
31 
32 
so 

35 
36 
37 
S8 
3!) 
■i(> 

■17 

3,3 

3,0 
3 

1,216 
it10l 
!,iS2 
l,ii3 
1,130 
t,i0-i 
i,070 
i,05t> 
i,00i) 
0,087s. 
0,'AWi 
0,<IH"H 

0,000(1 
'i.OOHs 
<>,804:> 
18,8881 
0,875c, 
u,8ü0; 

o,84.">K 
(i,83C»t 
0,82-51* 
n,S107 
o,8J7>'.f 
0,7ti;}j 

u,7y7u 
n ~10C 
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chlorite  a one  is  laclsixig or very thift»   e&rysofoeryl and 
beryl-contairiiJig ss-argarite  crystallise  jointly with the 
phesacitee 

M©  did Kc»t  s#e phsnaeit«, . chrysofoeryl asd beryl 
together |   tfe.@ ».essoeiation of phe-Bfec.it©  with beryl  is 
very rarely  encountered« 

Table   56 

ChesaieaX  Cosipesitioro.  of  Col 
the Ffelogopite  2J*m« 

I 
Component® wt*   fi 11 

■*"* 

Tiö» , 
A! A • 
CrA. 

FeO   . 
BeO • 
MgO . 
CaO . 
Ka,0 
KsP » 
SI. n. n 

sSsis 

!       K 

I He ü6U. 

■■ 

45,8£ 

ft. 20    ! 

i Sp«   wt» 

0,65 
0,26 
0,2! 

S00.1? 

i     2,9X8 

ess  Pisenacite 

*5* ft: it   s I | go 

'»3 
4£    *%  f* 

. „^... 

0,88!I 1,7622 0,87 
aw*. 

I,gas 2,62 
Ö.0O32 0.,Csft32 
0,,0O?« 0,0035 0,00 
0.0324 0,0162 0,0-1 
0,0056 fs.CifSS o,w 

„. , '"""" 

I '3fSi§3 

*0£B 

^assaJsovai 

I 26»  CHRYSOBBRYL 

I       Cliry&©bs?ryX is found in  the for» of short prism&ti«», 
I fiat crystals 9 plates and granular aggregates«  Feather» 
like striae are characteristic of ths plates*  The 

I crystals ere often, fxmsur&d  and covered, by flak©® of 

i ifta&iw&f»**»*»1' 
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phlogopite &nä chlorite* The color is yellow,, greenish 
yellow and in decayed -varieties brosmlsh yellow» It is 
trasspareni to semiiirasspareiät * The specific weight is . 
3*631 * The s©ctio:a is colorless« The indices of refrae« | 
.tion: Kg * l«757t Np » 1*7%?, Ng - Np » O.OlOf 2V e 52** -| 

Recalculation of tfea ebeasic&I analyses of' cbryso-« 1 
beryl {fable 57) produce® the following fo«iwia«s       •; 

(Kfto.sySio.wJs.ftitAli.MFeö'oiFeö^^Mgo.o^Jo.oilh.S/Oi 

Bec,M(A1j.»Feö'nrJVlCft.i»i)ä,oA 
Analysis &»- 

In addition  to  the   data  of  chemical .analys«»  there 
•ae®r®  discovered  spfeeiroscopicaliy?,   is.  wie   sample* '(Table 
5Sj   anal«   1)   «••»  biE^utSt  (ö«,ö5?0 «  vanadium  (0.02%), 
manganese  as.d .galiiuia   (ö*öl?ä);   Irs,  the   seeess^  sample 
C&aal« -2)   »«   tin   (G«.-190,   gallic«  (0«G190   and v&K&diuse. 
(a".05#) * ' ' 

■According  to  S»-V» Grtisa»Graihi)Bss.yio   (l9'i-05   1946) 
ill«  color  of  chrysoberyl  i«  produced by the  presen.ce  of 
isoeaorphlc .admixtures  of  chromium  (green) .ar*ct ircia 
(yellow)   ia it»     The  intensity of  the   color  depends  on 
the   cortismt  of   these  elements« 

Tke   interplaxkar  spaces   in  e'txrysotseryl  said its 
variety*   -=  -    alexandrite »   saes.eursd with  debayegraais 
were  »early  identical   (Talbe   5?)* 

Tjrie   segregatioiGS of"  cbry^oberyl   tend  to  occur   o 
prisvarily  ±n  the  reaction  saomeK  of  de^i.liconia©d  pegs»«* 
titess   eliioritSj   phlogopite  asid  alttssobiotita»     It   is 
r&r&ly present  ia  the  plagieeiase  part  of  the veins» 
Cforyaeberyl  is   encountered  ia  the   largest   qwttiity  ia 
the   chlorit©   soxtes   of  the  apical  parti?  of'  d^siliconissed 
pegmatites   xn the   f'ors of  tabular   segregations,   often 
with, f'eatherlike   &%tri&.i& »   .grayish  greets, and  greenish 
yellow ia  color,   its  association with phesmein®t   fluorite 
or  piagioclase  and  tourssaliae %     IK,  the  phiogopite  and 
aluasobiotite  »ones  cirry so beryl,  is fow.nd ratfeer often in 
the  forts <ö.f  short  prisaaatic  crystals,   plate-shaped  isoia« 

, tioas,   less  often, granular accretions  &%i& apop'fayaes  up 
i to  1»5~2  cm thick  (Fig«   73)«     I't  is  associated with 
! pheaacit©   CFig„7'£) «   apatit»,   tourmalin«  and  f .'JUiorit©« 
I ia. piagiöciase   chrysoberyl' is  seen ia  th«  form of large 
jcrystalst. lettuce  green  in color  and  closely associated 
I with beryl-»co:o,taiaiKg margarite» 
[ ChrysoTeeryl  formst   earlier  than apatite(   f iuorite , 
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phlogopite, chlorite» beryl-containing margaite which 
frequently fill the spaces between its crystals.  In. 
relation to the emerald, beryl, tourmaline, chrysoberyl 
forma later*  Tae crystallization of chrysoberyl and    . 
phenacite proceeded nearly simultaneously. } 

Along the system of random fissures, chrysoberyl j 
is sometimes replace'! by kaolin and   due to the high 
peiitic content it becomes brownish gray (Fig,75) in thin 
sections« 

*ü*s.« 

Pig* 72„ Interrelation between phenacite («e} and 
chrysoberyl (Xp).  The chrysoberyl granules 
are distributed around the segregation of 
phenacite and fill the cracks in it, Magn. 
is, Without an analyser. 

ko 



Fig« 73»  Chrysofoeryl Apophysis in the 
Phlogopite  Zone*   Nat»   sisse. 

*Ä©1 

Fig. 7k»  Association of Chrysoberyl (Xp) with 
Phenacite (Ie). Nat. size. 
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Tabl« 5& 

Chejaical Composition of Chrysoberyl 

l.Platy variety  Vith grayish green color 

g9 Crystals with greenish yellow color 

5 *   Conapoaeats 

4»   weight   % 

5,,   Atosiic   qusiitities  of  cations 

6, Atorflic q-aantitiea of oncyg&n 

7. Atomic quantities of cstioas, calculated for  O4 

8* weight *?i 

9* Atosaic quantities of cations 

10. atoaiic quantities of oxyge«. 

11, atomic quantities of cations» calculated for 0^ 

12» Suis 

13* Analyot 

1% ,   M. Ye» Kstssakov«. 

,15*   V, S* Saltykovs. 

la certain cases the chrysoberyl &nd  phlogopite 
] has, under   the influence of carbonate solutions, best». 
{ replaced by doloKsite mid   the. fine nticBC^ov1..« type of 
! gilfoertite»  Beryllium is thereby apparently carried off 

in  the tons of bicarbön&tes. 

27, ALEXANDRITE 

by 
Alexandrite is a chrysoberyl variety colored green: 

jhroasiuiB {0,50%  Cr9C?)»  It is a dichroic ssiKeseal and 
b&comes cherry red in^artifieai ill usiiiation»  The crys- 
tals are tabular along ä(100), saore rarely short and 

! long pristaatic»  Meaaureseats of the crystals were made 
by N* I. Koksharov.  The principal forms of alexandrite 
ares o ( 111 ), B (100), a"(010)f i (Oil), a (120), and 
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n  (121).  They are ±n  part trx\lxn&&   (Fig» 76)» part 
twins»  The trill.ir.gs assuae a six«»sidl®d,' pl&ty face    : 
8.BXI is t?aa Orals have gotten the narsc-j "|i-eshkan (patms) 
(Pig» 77 a) .  Sosa^tlBsesihe trillings form  pssudsbsxagoaaJ 
crystals with incident angles (Fig* ?7 b) »  Feathery 
striae are of tea. sees In  in  twins-   (Fig* ??£> *  The crys- 
tal plaaes ar^ lustrous a»d for the larger part smooth, 
only planes (010) and (100) tend'to fee covered with ver- 
tical streak.*- (Fi.gi.77d) *  Trillings axe ©ftASS. isvts-rgrow» 
is groups consisting ©i" fcur, five and mere individuals* 
The sise of the crystals is £>*? x !«!> x I»5 wp to 
L5 s 2 s 4 ca, rarely larger..  The largest crystal 
concretion o£  alexandrite known today consists of 22 
superbly fo.rss.eci trilliags«  The gisse of the concretion 
is" ii ss 24 uc 25 caf .individual trillings i». it attaining 
9 ess {Fig* ?8).  The crystals are often cracked, the 
splits filled in with flakes of pbiogop.it®. Th&  color 
is gr©eiis and grayish green»  It is' trarigparent to semi- 
transparent«  The specifie weight is 3*663«  The inter- 
planar spaces of alexandrite as*© pvea&ntvd  in Table 57« 
In section, it revesls well ©xpres'sed pl^ochroisnas 
Ug  «„ smeraid gree&4 Slss. —» araage yellowt Np »■*■ violet 
r@d*  Tiie reaaainisig physics! and optical properties are 
analogous with ehrysoberyi» 

Fig»76 Alexandrite Trilling. Mag»,. 2 x. « 
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Tnm «p©ctral method ham rsvealed In Addition 
to the  date ir&m. cfe««ießl Ä&alyati»   Ctsbl®  59)'* 
gallium  (0.1#),  vanadium  Cö«5%)*   cobalt   (0.001*90, 
mates».«*   Cö.OÖI?0 „  mag&«sttuaj &sid c©pp<ar   (0*00©5?0» 

/ Chsasdcai Cowposltioa ®f Alex&ndrlt« 

tew*., - 

quasit i t i.® »   * ^ii**- 
of cations 

•Keg «? eaiiOHS 

KCSSnOHCKTU 
jisiiectTiäiB «a- 
■MOB«, pae- 
CVBTSKQUe 

MS 04 

SÄ.. 
TIG*. 
SnOa 
AtA 
CfiOg 
FeÄ 
FeO « 

;seo:. 
! MnO 
: MgO 
1 CaO . 

lhO~ 

Sum 

Aa.alyast 

. 

2,43 ! 
CJI. 

0,04 
75,26 

0,-30 
0,31 
1,41 

18,74 

» » 
l,5i 
0,*0 

HüöÖH. 

;O,00Gi 
1,4766 
0,0040 
0,0038 
0,0198 
0,7482 

0,0209 
0,0112 

•icotio I 

0,0810 

G,GCX>2 
2,2149 
0,0060 
0,0057 
0,0106 

0,0250 

3,1035 

0,05 

0,00 
1,90 
0,0i 
0,01. 
o,os 
0,60 

0,03 

M* ¥#«   K&ÄakovÄ 

Keealo'isiatioB of  the- findisg»  of  the  ehssaical 
analysis*  of alexandrite produces  th©  formulas 

The  i&rgast «lexandrit* ajjgregaiiotts are  found 
is, the phlogoplte  »ones of d©siiicosl«ed p«sgsiiaiit<as 
©r  iss association with beryl r assd esaerald,  or  in the 
form of well Jforsn«d crynstßla  in &asc*Qi&tio» witte 
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Msn.fllviiuUnn'w 

phexmei.t®,   cltryaofeeryl ?   apatite  attd  toturm&liia®*     IK■ cer- 
tain cases  alexandrite  tend«   to  eoseastrat®  at  the  con- 
tact  betwaen  the phlogoplt«  zone  and  tit.« plagiocl»»« 
or  to  be locatdd  i»  the  latter.     Occasionally it  is 
present  in H?tisoövit©«.fluorlt©  leases  in deslli ©©Kissed 
pegKAtlttt«  as  sisall  crystals'Cap  to 0,5  en) .«»bedded la. 
the fliiorite*     The  usual  a.f»sociatlswe  fs-r alexandrite 
ar© with  apatlt®,  pfeanacite,   fiisorit«»   totsnssalla©, 
littm eoataisiisig s8&rg&ri.ie#  ph.logop.it®t   chlorite* 

Tfprr 
Ni 

aJ Si 

»VA   K A/ Al; 

I \A$#^ A^* 

JÄI<*mA \    1 *>-  l%iA "'   ^   \ 

I iw 11! Is I Bit 
«si lul*Sur\    1! 

:, • 

Fig* 77.  Alexandrite Crystals {accordi»g to 
N« 1«Koksh&rov)• 
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plagioclase, and beryl«,  It segregates earlier in time 
than flucrlte, berylliuia-containing tnargarite, apatite, 
phlogopite, and chlorite, vmile later than beryl (Fig. 
79) and tourmalines i 

Chrysoberyl and alexandrite form under conditions | 
of relative concentration of the molten alumina solution; 
as borne out by their close association with chlorite ; 
aiid beryllium-'Contäinixig margarite. 

Fig« 79«  Crystal of beryl (5) in alexandrite 
(kji) *      Magnified 2 times,, 
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| 28. BÄVENTTE 

';        A fflXAsral vr&s discovered at the Emerald Mines 
; in 1959 t-y i6, I* Kutukova (19^6) which, although very 
i cloaely related to baveriitü in physical and optical 
» properties and chemical composition * did nonetheless 
differ from Calif orniari foavenit© (Scliall«r, Fairchild. 

I 1932) by a significantly greater beryllium oxide content i 
I {6*60% BeO instead of 2a67%),  This particular discrs-  ; 
; pancy in beryllimn oxide was explained "by  the complexity 
; of .separating beryllium and aluminum and. the inaccuracy ? 
\ of previous Eethods, »11 the more so since the sum   total? 
j of oxides of theae elements in both analyses was nearly * 
i identical (see Table 62, analyses 1, 4)*  Row!edge and { 
\ Hayton (19^0}. while studying this mineral frora deposits! 
• in Londonderry (western Australia) which is close in. phys4 
I ical and optical properties to baven.it e although contain^ 
I an increased araomrt of beryllium oxide - (7 »Ik -> 7 „7S2& BeO)| 
I presumed, it to be a new mineral and called ft duplex! te» j 
I Fleischer and Sw.it a er (1953)» knowing from the lit ere. turf 
i that bavenite from the Emerald Mines contains (>*&Q% BeO 8 ] 
I doubted the correctness of classifying this mineral es | 
j a?i independent species* They undertook repeated cherai- : 

I cal investigations of bavera.ite samples from previously j 
I known deposits, as well as enaiysirtg several samples    j 
j from new sections*  No great variations in. beryllium    j 
'■ oxide content were discovered and it seemed apparent    ; 
1 that in the early analyses a part of the bsrylii«® oxide! 
had been taken for alyminutB oxide»  Thus, in feavenite   | 

I from Mesa Grande» (Schaller, fairchild, 1932) which was  < 
analyzed hy  Fairchild. {2*67% BeO) there was found to    1 

I be 7„&{>% (see Table 62,, anal«;?)*  On the basis of these | 
I data they came to the conclusion that the miner a 1 from  « 
1 the Londonerry deposit* described by Rowledge and Hayton j 
j as duplexite, should be classified as. ba.ve.nite according.' 
j to its physical and optical properties and beryllium    \ 
' oxide content, which was also indicated, by comparison   ! 
i of X-ray plates of duplexite and bavenite« | 
}        Bavesiite from the Emerald  Mines is found in the  j 
j form of radial columnar spherolites (Fig*   80), radiating) 
I segregations {Fig» 8i) and. rosettes consisting of bunches 
i of felted parallel fine laminae •  The size of th.& ) 
* segregation usually varies from 0.4 x 0,6 tc i x 1,2. cm,| 
I in rare instances going up to 3-5 x k era, The color is | 
I white, sometimes with a faint greenish tint.  The streal:! 
iv"Se**Ur :jJ«*(1i;twr-"=-*TW<'" ■W-IWI-VMVi* ""V* 
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? 
is white-  ffe, luster is silky.  Cleavage along ClOO) is | 
good»  It is brittle*  The hardness is 5-6*  Specific  | 
weight, is 2*733«  It is colorless in section*  with well < 
marked cleavage«  It is optically biaxial and positiv©» ; 

Elongation, is positiv©«  The refraction indices and     I 
angle of optical axes in bavsnite are presented in Table f 
60*  The iiiterpianar spaces measured with, debayegraras  . \ 
in bavsB.ite from the Seserald Mine« &sd from Bav«m© (Italy)!* 
are a issest s is Alar (Table 6l) . ; 

f 

Fig. 80» Radial Columnar Sph&rolites of 
B&veaii© (Bg). Ma,.gn» 2s, 

Table 60 
Optical. Proiparti.es of Baveöite 

Place of origin Kg    ä&s'  Sp  Mg «*Mp 2¥   Author 

jyY® • I «Kutukovaf 
1,593 11,588   i,."»8«j o.'Kfi     '"v   ""* ' 

Eimer a Id Mines? - 

Bavene, Italy — „ „ . 

H«sa~Grande,   Calif*-"' i1»5^ j 5"5Bi 

Muo 11 a  K er a ,   Swi t si, 
„J, 1,589 

Londonderry,   We a tern'" 
Australia 

H0 T      (1946) 
/,7'>Arti»in(1901 
.)8   4«,, &~ 

l.üitf 

,'--  'pSfbailerigai _.  f^eftiicl   (19327 
i  Clsrlßgbiill    I 

• , -v,- ..1. 1 ■>■> 4 119*0)" 
i    i •  !   1 Rowiedgs andf 

Hayton'(19%S); 

* Materials fro HI the collection, of the Miaeraiogical 
Museum, Moscow Geological-Proapöcting Institute 
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The heating curves of bavenite attest to the Tact ! 
that high temperature water.is In  it and is separatfed '   - 
in the rasige of 890* - 950° (Fig. 82), ■ 

As a supplementary finding through spectral analy- 
sis of the. b&veriite one discoverods magnosium (0»05%), ■ 
germanium (0.01?4), gallium (0.001%), strontium (0.0025%); 
and copper Cö„0öö5?0« In one of the bavenite samples, ' 
S, N, Fedorchttk established 7«6% beryllium oxide content»? 

Pig» 81.  Radial Segregations of Bavenite (BjJ) . 
^acixified 2 x • 

51 



l*>i»><»«<«M«a»«u»uc<reMM<iMa<^^ »««*«OT«aWW»W«»*i''l,SinH,a'!*''",*<* 

*    Tin®  first  ©foemlc&l formula for bav-«ntt© proposed 
by Artini   (Tftbie  6&,  anal« 3) faa"»  the  following forms 
6Si0g "• -AIg03*   JCaO»   HgO.     Pairchild   ($mal*4),  having ; 
discovered*^"« 6?$ B&O  1B the baveu.it» from California j 
g&v«  a new forarala:   9S10S   •  AlaO^Bftd   •   4CaO« HgO • j 
PIelSf5-b.-ar; aad S^itsser's recalculation of the analysis j 
of fe&venite fro» California (Table 62, as&l * 5) for 0» 26j 
has  led  to   ths  f^llowiBg forsrala Cs4t>.xiB#2.95A:li »22Si9.2«t 
0^Ä  *  I.9OH2O. 

sä»© ! 

J.    I   j. i.U- 
rjJWB^^w^^^* 

K 

trt •f- 
LJ 

4? ?# m M m m m m m mtmtm't 
e" 

rj,gi 

M   SSmiH ^»f*A 

kt,, Be&tis.g (1) and height 
Less (2) Curves öf EaTösit#* 

Tb.©  to&vsttit® fr OIK the  Bins raid Miaea was  analysed, : 
twice j   tfae n&ateri&l  feavteg■fesea ©«i^ciecl from on© and 
the  saag  eiajepl©*     Tte#   findiag»   (Table  6&„   an&l.l  and-2) 
ttirssed out  tö be-very  close*   . Tb^ aitimisua and foerylliua' 
ossiöe-a |>reo.ipitati©as  w^re analyssd by the   speetral 
sseikod  to  cb.eek ©a  fch« parity of  the  s©pa-ratio»j   th« 
an«lyssi«  showed  good  results, 

■ ^computations  of  the asialy»«©  of  b«venit®  from 
the  Uralian Enerald Mines  produce  th©  following foraralaa] 

Analysis  1.    Ca^.oBea^iAljjiFeo,;, [Si^,Ä/iAis,7i>I{ÖK)t,91 

Analyst!«  2.    Cai,oB&>f33A!i(^eö]öt[Sl8i7&Bö,oaOääs74HOH}i,a4 

Bav«nite  tscadss   to  oectar  in  the  pl&gloc&afl«  part 
©f  the  siesilicoffiised pegsaatites.     It   is  foraaed as  a 
reaw.lt of hydrothermal  chaages  in bsryli     In  tkla pro- 

I    cess  a part* öf  the  herylllvtm becem*» 'bound in b»r@aite 
I    and b#.ryil±\m~etmtaiaing asdcrociine  at  the   site ©f the 

5S 



Table   6l 

wB»i»»<a?-.'MOM9i9rJ««»-"*«>»i«".-i««W«.. 

Is.i er planar   Spaces   of   Bavenite 

(Cu   =;   radiation 28 — 5? ,3, d = 0,6 KM) 

Ersnarald  Mines 

No.of .lißfl! 

Baveno,Italy 

9 
10 
ii 
1.2 
13 
14 
35 
iß 
!? 
IS 
19 
20 

21 

22 
23 
2'i 
25 
2« 

27 

28 
29 
3u 
31 

10 
< 

10 
10 
3 
4 

2 

i 
* 

7 
<> 

2 

2 

i 
h 

4 
•> 

I 1 
1 .1 

i  i 

3ii 

'1 Sv> 
4 m 
<% m 
3 Si 
3 6Ä 
"A 5<) 
3 
3 2i 
3 10 
<} m 
2 PI 
*** 76 
2 6-1 
2 C.£ 

2 47 
•J 39 
2 29 
<> ?? 
-> 17 
*> »•! 

2 07 
2 05 
o (« 
1 <;<; 

i 
A Hi) 
1 8'' 

"I 7«;t 

1 7.t 
i T.\ 
1 t')8 

1 b d 

1 '.;:') 

1 

i flu 

i 

J .'i3."i 

1 50!) 

1 

i ,;> 

1,: 

4,8? 

1   00 

3,75 

3,3*5 
3,10 
3,12 
3,00 
2,84 

2,40 
2,41 
2,28 
'i «v. 

2,«) 

1,08 
I, !J i 

1.R7 

1.77 

1,73 

i.r>:t 

1,.%«.» 

)1iA.*M'*»-TJ «v. 

53 



Bm®r@,X& Mist© a 

No*   of  li»®s 

B&v®sj©.f   It«;ly 

07 i 
38- 1 

S9. 
i 

40 
■   1 

j 

41 
42 
43 

41 
1 

45 

'41 

: 48 
' 4S> 
: SO 

54 
55 

•56 
•57 
■SB 
S9 
60 
m 
•S2 
63 
U 
65 
S6 
67 
68 
«9 
70 
71 
72 
73 
74 

2 
4 

M 

t* 

3 
I 
4 
3 

1.4S2 

1,449 
1,3*6 
1,373 
1,315 
1,3!fJ 

1,247 

i,m 

i,i4i 

I,SOS 
I.C86 
0,071" 
1,650 
i,C3* 
1,021 
i,010 
1,000 
6,SS3 

0,§S3 
0,949 
0,840 
0,932 

€%S01 
0,887 
0,828 
0,834 

"0,820 
0,823 

1 AM 

i,5 

i,5 

1 

0,5 

1,31» 

1,301 

1,2-10 

<   litt»*? 

.1,155 

1,111 
i,OSft 
1,074 
1,065 

1,023 

1,091 
0,985 
0,9» 
0,989 

0,930   : 
0,915 
Qfmz i 

0,837 

0,817 

,fiM»B1]irV<W^4mS.'af«'*liS«a<P*^J*«» '«t->3fi»«**MÖ!3M«'M>tf'0 -a . y«>j^t-iT*naw»ii^«a«B'»EW<M«l 
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* mm****»1 w»S«S«:.;«we ***» 4&&WHS?»**&&mto&i. v«4««««»»«»«»ww«*^ 

reaction, while a considerable portion 61* it is carried 
off and deposited in the form of ■ the sasse kinds of nexv 
formations in the crevices and hollows of beryl, plagio- 
clase, Muscovite in association with fioorite» tabular- 

the prismatic albite and fine—scale mica.  Moreover, - . 
radial coluronar precipitations of bavenite with epidote 
sphene, ferruginous prochlorite (ripidolite) are found 
in thin plagioclase streaks which cut through anssphibole 
and serpentine« 

Fig» 83* Replacement of Beryl (B) with 
Bavenite (Bg) • Magnif* 20» 
Nie.+, 

The most characteristic bavenite associations 
are with beryl» plagioclase (No«31)» fluorite, corundo- 
philite, muscovite, albite, beryllium-containing micro» 
ciine«.  Bavenite is later in precipitation time than 
all the minerals associated with it, with the exception 
of ripidolite, later than albite and epidote which grow 
on the segregation of bavenite»  Frequently, the bave- 
nite crystallises about spheroiites of corundophilite 
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Tafele   62 

The   Cli-sjKieai   Coamositios   of   Baven.it e> 

1« The   Emerald Kittes 
2,* Bsveisö,   Italy,   analysis   3 
3 • B(l a B 0.   Gr and 0 s   C a 3. i f 0 r B.i a 
4 * Analysis 1 
5« Analysis 2 
6 s Asalyssis 4 ** 
7. Analysis 5 
8* Components 
As      V .-, 4 i~-,K ■*■■  Or' 
7 •    A f .1, i",».! fe.  /tc 

■10« Atomic quantities of cations 
lit Atomic quantities of oxygen 
12, Atomic quantities of catic5iS, calculated for Ca, 
„I, ,» * sv e: JL ji,£t c /9 

.14-* Atomic quantities ox* cation, 
15* Atomic quantities si' oxygen 
l6* Atomic quantities of cations, calculated for Ca, 
_   _ , ' It. 

Vv e i z'si't 

* 

IS» weight 
3.9» Weight % 
20 s Sum 
21« Spec f'trts 
H2» Analyst 
23* ¥s. S* Saltykova 
24« H, Ye* Itaaakova 
'"■,,'  »  f ä X f.  C JE*.1.1, o 

26« Carres 
27» Literature source 
2fi » jfe, Ie Kutukova ( 3 9^6) 

* sores was aeterr;is.neo from a separate aaiapixng by 
the chemist T Kt  !'e, Ka?,akova. 

** Analyses k   and 3 vere Böads fror.»; ones sample» 
*** Lösses in roasting and   KJJö* 

.< 
C/ ■> J 
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•r^- !PT>-S;\5«SäW.-•/■*-W,"* t»-trX&SHte*»KZ: ^M^V5«««r» ä,%J^*'w F»,»Mi»i"*i»4«^W
w«^*'-'=^a'-"''iTB-,*s'M:''"-r 

in close association with fine (up to 1.5 m £ mm  7 J \ 
colorless or faintly violet crystals of fluorite and 
late transparent albite*. 

The r ©pis earners, i of "'"beryl with bävenite and beryl- 
lium containing microclesö proceeds along the system of 
irregular cracks; wiicm the process has gotten far under- ; 
way this network of fissures becomes concentrated, and 
the beryl is either completely replaced or sustained in ■ 
the form of insignificant relicts' amidst the bavenite   ■; 
(Fig, & ).  Occasionally one   sees the pseudomorphism of 
baverrite and beryllium-containing microeline after beryl« 
During later stages in the hydrothermal process bavenite ;- 
is substituted by bertraiidite* j 

29*  BERTKAKOITE 

Berirandiia is found as an accessory mineral in I 
ere as line pegmatites and ia pB.enajatolytic~hydr©theraaa.l| 
veins.   It is noted   somewhat less often in. pure line   \ 

y y 

^i™"ZXirrzC3^>'' fcx^rx 
y 

y 

-z<y 

8%.  Bertraiidite Crystals 

pegmatites,  Bertranciite crystals are very tiny (0.5 x 
x 2,0 x 3.0 rnm) and display a plate 'form*  Sometimes 
prismatic crystals are discovered, forming aggregates 
0»5 x 0*8 x 1.0 cm in size» 

■In view of toe friability of the »riinerai, well 
preserved, crystal» are very rarely «net with»  Measuring 
the piaty crystals, the following forass were discovered 
(Fig. ß-'-it indices presented according to V.M. <* o 1 d- 
'schmidt): a(100), b(001), c(OlO), g(liO) and f(i30), 
The face« (010), (110), (.130) are very narrow and 
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ordinarily produces poor signals«  Fac# {001} is of teil 
dull and in certain sections strongly pitted»     \ 

The mineral  is colorless, water-transparent t be&omin. 
milky white upon decaying«  The luster 'is glassy» some- 
tiaes pearly*  Cleavage along (001) is perfectt aloag 
(010) good*  It is colorless,in section»  Optically 
biaxial, negative*  infraction indicess Kg » 1,61%, 
Nm a 1.606,'Np x -1.592i Ng - Np « 0.022} ÄV ss 7%«.  The 
sign of the principal z«me is negative»  Computation of 
the debayegraes of b&r-tranxiite is presasted jin Table 63« 

"No »of- lines 

Table  63 

Xnterplanar  Spaces  in Bertr&sidii 
(Cu radiation< 2R = 57,3 MM, <J — 0,6 MM) 

! J_ ! 

~"57 
j d 

i 1,5 5ti77        i 2B 1,170 
1,5 4,SSi        1 2? i 1,11") 

3 4 4,G55-       ; 28 3 ■     iA'/Ai 
4- ? 4,375        • 2.Ö 1 i.ior» 
ü ,3 3.931        1 30 i 1,000 
e 1 3,828        ' ■     31 2 i,0?5 
7 3,510 32 1,5 1,055 
8 5 3,321 33 1 i ,039 
9 10 3,174       ; 34 1 1,014 

It) 5 2,!500 35 i i.oos 
11 ü 2.527 30 0,0 0,939 
12 5 2,285 37 .* 0.B98 
13 7 2,220 38 *> 0,558 
H 2,5 2,028 39 i 0,842 
Ü5 J 1,081 •'(0 *■* 0,83d 
16 1,790        : 

4.1 1,5 0,827 
17 
IS   • 
IS 
20 

2,5 
2 
4 
5 

1 ,nm     1 
1.652 

.    1,463 

■52 

43 
•11 
15 

1 
1 
0.6 
■'S 

0,813 

0,8094 
0,802 

21 

23 
.. 24 

1,5 
2,5 
7 
"i   r 

-' > «•"-'-          I 

1,341 
!, 805 
1,250       : 

4? 
48 
10 

i 
0,6 
1 

0,798 
0,781 
0,788 
0,782 

25 ■   1,218 30 1 0,77 

fefhrtvlK, IS1* Sefje, ««^■«H^A** WIMS* «.*. * ■-»(i*Sf«wJ*-)»l(](W*-. fj.HBllLfc 
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A recosspui&ti'ost of  ti»«  fiad'ing«  of 'cli@Mieal  analysis 
ef feeriraiädlt©   (Table  64)   bolls'  d©wa to 'the usual ■ for« 
mul& B«4 f Sig^] [öllfe •     Irsa aad caiciix» are present as 
aclisistttirdis  in it * 

Th©  spectral method ha®  dmtmrmirmä  ±n bertraxs.dite, 
in addition  to  th« findings «sf  cfeessic-ai  mt.a,XyBimt   ger~ 
ffi-assivaea   C€**öÖ5?0«i   ia*mg<im»sa   (0*002$)   &:äö •B*ag5t@®ittsi 

Parti&l  ch®iati.c&X" aaalysls öf  th«  ir&sKsp&reat platy 
crystals  of"  bertr&.Hsdits  trtna  the kaoJ.i»-i.«ed part «f 
dseailicümiaed pepaatit®!*  veins  ha®  shoves'th®  following 
resulted»  percant&ges)t   SiOg     48*99*     BsO     4l«97»   HaO 
8*07. ',        ' 

Tfce  water i&'fc«r-t.r&s*äiia  is,   as  BlkCftm fey thermal 
"■isi.vGstigütie>Sis   of  the  high t®üsp©ratmz*e  typ©.and separate.? 
vithisi th* range of 8?5 ""lOOO*   {.Fig* 85)'. ' '    ' 

E®rtjr*m.dit(S ■dö'vslop«  ia  th©  late  hydrothermal  stags 
after  beryl s.a.*?.  is» .certain iast&aces  after tetre-site 
(fig*   86}",     Btrirasictii©  crystal«•ordinarily fill  the 
fesiioa-s which for© as a s^suit  of  the  le&cfeiKg of beryl 
aad baveiaitts  is plagisclas«,  ceres  in ä«s®il±c©»±&«d peg» 
esaiitesu .  In. isit6B.str©iy fcs.c>Iitii§sed pXa.giocI&s@s  oaa 

.often «sbser^s p&eudonaorphs  ©f  barir&Kdite aad beryXXlswa« 
coatain.isg SEicrs»c]lise   after  beryl»     la  taegs   casti?. ■th'© 

i Table  6% 

Classical  Composition, of  B«?rtra».dlt©  fross Muscovite-' 
Fluorite Lasts es  i». Ke^ilieeialässdi Pagsaaiites 

CöKäpOJTißmtfö 

Ai»Os , .  . 
FejOs „ .  . 
FeO  . .  , 
BeO   . .  . 
MgO . . . 
V<M    * *   « 

»iS*_/      * *     , 

Weight % Ätossie       Aiosile     Atoseie 

of  cation»    /•*■■"     *#?$#, 

sum -*~ "• ~ ' — • - 
Analyst and j:&ar 
&£ Rssearefe 

s 
■* 

50. S3 
0,00 
Ci. 
CM 4 
0,0 A 

40,83 
0,00 
»,■68 
7,46 

-, ■«-+■-    100,1»     i 

O.S480 

O.OCiB 

1,6324 

0,0121 
0,S2S2 

( 
1,6960 

0,002.'? 

1,6X24 

0,0i2i 
0,4141 

3.7573 

0,00 

3,9! 

0,03 
i.flo 

$» Ye. Kaaiakova,,   1957 
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beryl  ©rysitals  essbedd'Sid. isa  the kaoli» matrix have a 
Iky whit«  color and easily break with islight prassur«» 

g &? m & *& m m w m m m> *m*s 
Si 0Mf#   ' 4'        • Jff 

Fig,» 85 «     Meatimg  (1)   &nd weight 
loss   (2)   curves  of feert- 
raiadite* 

Besides,  fe«riraad.ite  is- seen in the kaolin «a&fcrix as well 
formed flat -crystal©  which »omatias®»     gather  i» g?aral«l 
aggregates«     1». thös«  eas«,  where  the bertrandite has 
formed witb. bavesiite»   uaiqae retieular segregations 
devslopj  when studied «sicl@r  the  microsoope it has b@ezt 
discovered that  th®y consist of  flak««  ©f fcer tr.aiwi.it© 
axid fine-scale mica* 

Soisewbat le$üs  often fe@rtr®rtd.it@  i«   foimd. ia »uscovit»- 
fluorit«  le*sta&s  in d@silicomia©d pegasatites,   as wo 11 as 
in. alfc it «"»quart as aad muscovite»alfcit® ipnsum&tolytic«- 
hydrothermal Yeiaa.     It -iss represented by i'ia« prisss&tic 
crystals  ör  aggregates  of  cryatel»   (up to  l»ö  cm across) 
which fcav®  grow», oa t!&®  corroded £&C&B  of beryl  or on 
the  wail«  of hollows  formed as  a  coaise-guesac© of it« havis&g 
be«nis. leached»- 

1» pur«  line pegmatites  feert-Muadit©  develops rather 
less  oft«B ess, beryl* 

Tfa® mo&t usual bÄrtrsadite assiBociatioa®  are with 
plagiocl&se   (No. 28 -  58),  beryl»   bavenite»  albit«9   fits«» 
©rite  and corundaphilite«     la relation t©  thsa« «einerals 
feert. aa.dit#  forms  later» 

The flat foertraadit®  crystals  steissasing fro® kaoiia» 
iated, plagiocias®  lenses  in desiliconiased pegmatites  ar© 
sometimes »oasswbat  altered,   this bei».g expressed in tur~ 
bidity and  tb.s  appearance  of. milky white  color»     Ttxes® 



alterations in th© bertrandite arc connected with their 
increased, water content and the presence of a consider- 
able aBiount or calcium, previously noted by P. P, Pill- 
penko at Tigeretsikiye Beiki deposits (1915) and W\  V, 
Chukhrov and N. N» SKJOI, 'yanin at the- North Koun.drad.skiy 
deposit (1956)« 

Fig„ö6» Development of Bertr-an.uit© 
(Be) on Beryl (B) and Bavenite 
(BB)S Magxiif, 35 x» Without an 
analyzer. 

30.  BERYLLIUM-CONTAINING MÄHGAR1TE 

Margarite (diphfmite) has been described very  briefly 
by A. lie. PersjnanU92c;};  this beryiliusn mineral was not 
mentioned in the chemical analyses presented *  The beryl- 
lium oxide content (1.88-3.2690 in'aargarite from the 
Emorald M.irs.es distinguishes it substantially from the 
other margarite varieties in deposits in the USSR   (Afa~ 
nas!yev and Aydin'yan, 19!>2; Ginsburg, 1953) and in for- 
eign countries (Koch, 193^-1935).  Nevertheless, A, I. 
Gin.sbxirg did note that an increased amount of beryllium 
was contained in aargarite from Postsnasburg (South Africa) 
a c c o r d i n ,g t o & p e c t r a 1 a n a 1 y s e s « 

At the Emerald Mines aiargarite is found in cross-line 
pegmatites and   in pneunsatölytic-hydrothermal formations 
in^the quality of an accessory mineral*  It is seen as 
a finely scaled dense laass and mutually intersecting 
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flakes which, form apophyses *up to 5-6 era and rosettes up 
to I «3 >s 1»8 cm»  On occasion margarine is seen, as tabu- 
lar crystals 
pearly srhite* 

!*5 K x x 5 &ra in sis«.  The color is 

C 3-ear age 
grayish blue* hltsisb. green and light brown. 

is perfect along (001)*  It has a pearly luster 
at tae base line» glassy at the fracture. It is trans« 
parent to seijai transparent«  The fearchsess is ^»0-4.3« 
Specific weight 3..037 ~ 3«07*  It i'? colorless i« section, 
it is biaxial f  negative |, S?« 6.3 *,  The index of refrac- 
tion : Hg » 1*646, Nm'a 1.643« Ng » 1.653, Ng - Np « 0,014, 
Extinction in. sections perpendicular to (0.1Ö) inclining 

Tii© interplan&r spaces ia Biargarites with different 
colors (light bro*«, to ltd, ah green and pearly whit's) cal- 
culated front dabaragraina wers nearly identical (Tabl« 65)» 
Ths heating curias of tt®ss varieties of beryl liuaa mar« 
g&ritö wert* characterised fey a single sharply expressed 
ewdot-herisie reaction in tli«. 900-960* t^apörätur« range, 
conTi.eetod with the removal of rater (Fig.87). 

i      f 
fill»«» w M ~M~Ws m""lm*6 

„.„.„I».»,..,, »^^»^_^-~-^-----^p-~~<-^ mstyfHt*l 

tig«   ft?«   Heating   (1)   a»d weight   loss 
(2)   carras   of ffiargar.it e* 

Recalculation  of  the  findings   of   Dh.as.ical  analyses 
of isargarite   (Safcls   66}   produce   i'äe  following for«aula.ss 
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Analysis   1»• (Cao.or>N'aö.c-Ko,o2)),o4 <Lio,2oMgo.oe)o,2c (A'bxHiFeü.oakos 
lA!,.4sBe!vl2Si2(oüOio] l00,oaOHj.77Fo.aol2.o 

Analysis 2 . (Cao,p',Nao,uKo,oi)i.i2 (Lio,ioMgo,fo)o,20 (Alt,soFeo.f,iCro,o2)j,92 

(A]|,;9Beo.3oSiwt(a.o.JOHo.o,)if,liOH,,,,,Fo.3;l2.o 

,        (^c.o>Nrao^,.Äo.oi)i/i7(Lio,o:»MSn.i>.)o,n(Al2,ocFeo,o:)2,o? 
Analysis >» [Ali.rA.v-Sio.flAol |Oo.,.,OH1.r,,F^2sl2.o 

In contradistinction to ordinary margarite, the sili- 
con in tetrahedrons of the margarite analyzed coming 
from the Uralian Emerald Mines wag not only replaced by 
aluminum, but by beryllium as wellj  compensation in the 
valency iß then achieved by the replacement of oxygen, by 
fluorine ox- the hydroxyl group«, 

Precipitated beryllium oxide (Table 66, analysis 2, 
3) was analysed by the spectral method which showed tne 
presence of foreign substances totaling not raore than 
0.1%»  Spectroscopic determination revealed in tiie mar- 
garite: strontium (0.005 - 0.05#)t nickel (0.005 - 0,05%)» 
titanium (0,05%), vanadium (0.005%), gallium (0«001 - 
0*005%), copper (0.0005 - 0*0025%)' and"tin (0.001$) • A 
comparison of the findings ox chemical and spectral anal- 
yses of the different margarite varieties has shown that 
only insignificant variations are observed xn  their beryl« 
lium oxide content»  Chromium (ö*h%)   and   nickel (0,35%) 
are present in the bluish, green margarite, which is 
apparently responsible for the green coloration» 

in cross line pegmatites margarite occurs chiefly 
in the phlogopite sr-ones and at their contacts with pi&gi- 
oclase bodiess  It is not found in pure line pegmatites« 
In the phlogopite zone margarite is represented by tabu- 
lar segregations (0.3 x 1 x 1,5 era) of light brown and 
grayish blue color (Pig» 88}„ as well as by foliates of 
a pearly white hue which sometimes make up streaks (Fig« 
89).  Xt is associated with tourmaline,' fiuorite, 
apatite and chlorite.  At the contact between plagioclase 
and the phlogopite zone, the pearly white seargarite vari- 
ety forms fringes, «p to 5 ** 6 cm. thick which are composed 
of finely scaled massive  deposit or foliations (up to 
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Table   05 

Interplannr  Space«     in  D:u'foment  Mar^rite  Varieties 

(Cu  irradiation,   2R   «    2R = 57 3 MM, d<=s0,6 MM) 

lo.of lines Light brown^J Bluish ..green J Pearly white 

.y 

i 
1 

1 5,003 

! 

2 «•1 4 „439 2,5 
a 3,758 1,5 
4 8 3.. 152 .9 
5 1 2,97? 
V? 3 2,883 ff 

7 4 2.770 a 
8 3 2,076 5 
9 ? 2,543 fi 

so 8 2,398 s 
ii 2,58! 3 
12 1,5 2,108 3 
i3 5 2,074 4,5 
14 6 1,910 7,5 
15 _.,  ., 

*.■» 

16 3 1,855 4 
17 5 1,584 5 
is   

7,5 
i.9 „ ..  1,5 
20 — — 2,5 
21 —,   5 
22 10 1,464 10 
23 $ 1,329 2 
24 2,5 i,290 3 
25 _   2,5 
26 1 1,242 2,5 
27 1,5 1,215 2,5 
28 1 l.iSi'! «—«M 

29 2 i, m 2 m 1 i ,091* 1 
31 1 1,076 1,5 
32 1,5 t,03ä 1,5 
S3 1,5 1 ,iX« 1,5 
34 1 0,5)45 1 
as  • 1 o,r»if> 0,5 
36 2 0,867 _, 
37 2,5 0,845 2 

1 
1 Ü.7S7 •i 

4,47 
3,77 
3,18 
3,02 
2,8« 
2,77 
2,6« 
2,53 
■J.ii 
2, Iß 
ä,li 

i.Öl 
1,70 
1.06 
1,60 
1,91 
1,76 
l,«(i 
1,507 
1,465 
l,3Cft 
1,295 
i ,271 
5,251 
i,222 

i, JG3 
1,100 
1,081 
1,03« 
1,000 

0,947 
ti.fil" 

0,817 
0,781 

2 
9 
3,5 
6 
6 

6 
5 

5 
10 

10 
4 

1,5 

1 

i 
2,5. 

4/:> 
3,77 
3,15 
2,98 
i,8a 
2,7ft 

2,53 
2,40 
2,10 

2,07 
i ,90 

i,fi53 
l,r.8!> 

1,462 
1,328 
1,289 
1,267 
1,241 
1,210 
1,178 
1,160- 
i,09rt 
1,07S 
1,1 i&i 
1,<K)7 
0,913 
(i/Ji.% 

0,877 
:),8if; 
0,797 
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Table 66 

Chessie&l Coapositica of Bä&ryll'iitm-Coritai.aing Kargaritt 

1* LigMt  bro-»si   (eata.ple  I)* 
2« 'Blvitmh grsaa   (jsaseple 2) 
5« Pearly w&ite (sample 3)  ' 
4 * Comp«m©E&t § 
5« Speight  % 
6«> Atomic  quantities  at eatiocas 
?« At »sei c  qi5a?:ititi«s  of oxygea 
8« Atomic,  quaistiti»«  «>f  c&txoMS,   calcwlated for   (0, OH^2 
9« Saat? 
10* Spec*  wt* 
II» Att&Iyst 
12«. t,¥» lha&ll©Tlch 
"13* M« le. Ka:sakova 
1,4* 

*     Samples  I  and  3 w«re  take«  fro.« tfe©  p&iogopit« 
sfeese  of  cross  lia« p«gswstit©»,   0j.sffi.pIs  2  frewa 
fringes wfeica 1m.& dsr®Ie»p«Hl at  the   eostact  feet- 
•w«©ss. leasas  öf  «larstsite asd tssioscovite-fItses-ii© 

*>?   E0.ryl.lius was'tleterffiiaed by  toe  ch«smi«ts,   S..8T. 
F ed«. r 3 teak    C © asspl« 1}   and M» If® « Ka saka-va' I s aasp 1 © 2 ). 

***  Sot  fo'sasd 
***«  Trace ' ■ ' ' 
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Taoular^Crystals of Margarite (Mp) in 

^i5d?lffc 
"'■W 

""%ü:ai till«!!* 
wS!itÄfl!li' 

UM 

* ■ 

"5 ""*»-.. 
B 

""lif 
Salti 

Ä,-^ ^^%: ^>.^lj:- 

«&*    .*<//' 

,...,,,■,„.,...■■ JiäilL, -..,„ 

."... 

P i.« 

■•:•.-.. ■.' ■ .:.'■. <- 

^tif'*\V  —-—~J 

WAT 
; Fringes of Finely Scaled Hargarite (Mp) at the 
Contact between the Phlogpxte Zone ('S* A) and 
Plagiocl.ase i I1X) * Natural" size» 
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0,8 x 1*0 cm.)   0OJE©ii.?aes oriented along the oleavag© foil«» 
aiioa of the phlögopit« goat, ©ometiBies perpesxciiciilfer to 
it.  Occasionally pöärly white marg&rite ©cfurs in the 
plagioclase body and in the chlorite zon<&,% ' "lit  assoeia«* 
tioa with epatifc^ and platy bhrysioh^ryl»     At sme of the 
sections aloBit' the contact botweeii ohrosito and muscovitö- 
flworlte laase&j a bluish green sargarite variety was 
found, made tip ©f thin (1 ••» 2 ess) friBgss« 

la p's.@iiE:.satolytiC'»'hydrotb©rmai. veins siar.ga.rite is 
encountered considerably less freqmmtXy*     Two varieties 
octia* here, the pasrly white a».d light brow««  Pearly 
K-hite ja&rgarite foriss; thin fringes (1 «» 2 cm) in albite- 
quartz «'Ed nsuscovite aXbita veisis at the contact between 
the albite zone  and pblogopite«  Its light brown variety 
is sees, isi the .f©ria of this, tabular precipitations (ö,3x 
x G**t.cm) in the phlogopitc aone of aauscovite-albite 
veins together- with f luorite.,  The most characteristic 
para gene si is of «nargarite $ pblogopite ,, plagioclas.e t £luo~ 
r.it-Si j  apatite.,, cterysoberyX and tourmaline»  Its precipi- 
tation time 1.B   later thaa. ttis above listed. lairaarals« 
K&rga.rite is formed ©itber during the late' stages of the 
pegmatite process or   at the 'pnexisaatolytic-hydrc«thör"ajial 
stage and u^cUir so-nditioxis where-  the moltmi  solution is 
fenricb.'sd with slusiititirti andi deprived of silicon dioxide 
and  sslk&Ms«, 

6? 



COLÜMBIUM, TANTALUM, MOLYBDENUM, TITANIUM AND 
ZIRCOKXUM  MINERALS 

31*     Coliiöibite 

a   & s e O 

tff *"* s jii O 

{.19 l<iic? ) 
\Bi± t) V 

■' ■» *s Oj 9 

■fco -3.   « 2 
*..« 5 ,.0 
»J'X X A* .1 

o.:rd ii:» ':% 
the J 
pot i% & ?;., 

of eo -; 

mul ta S ;■ 

1/Uisbit.s   frcirs   the   Ur'ali&u. 'Efflarald  Mines   appears   as 
ftdary  ffsirteral«,      It   is   found   I:n   the   forus  of   tabular 
rt   coiujaiwsr   crystals,»     According   to   A. Ye» Persmaji. 
ths   following  forssa   occur   among   thssa   (is,  a Bregger 
Ci00)vC0I0),    (001),    (.1.11),    (201)   and  narrow faces 
Tfee   »ise   of   tue   crystals  v&rx®3   froarc vex'y  sisall 
3c  1»5   "   ">->   <z,m,,   ±n   individual   case   np   to   3 »5   x 

x  6»0   era,      St«ßi0i.i»s<3   tbey  are   fissured'  and   filled 
Ibi te   and   «sra^cavite.»     Brownish  yellow  balos   are 
rily   found   aroup'I   tiie   co.Itiinfc-i te „   thanks   to   which 

-;   i" raeo■gxiXKer?.   in   fine   segregations   a^iiasi 
r«Id;*p.-'»r   -ü~üd  albites      The   specific  weight   is   6.06. 
Racy■1C>;M1 i.'.on   of   th*?   results   of   cheiaicai   analyses 

:i,Bb'J. ta    {Table   6'/)   have   produced,   the   following   for» 

Analysts   1» (Feo^vMn^u's {Nb^^T^.^vTi^oikeoOa 

Coiuffibium, t&BtaiiisR and titanium, as «rail as iron 
and Baagaa^se in the columbita ere isomorphiealiy 
replaced by one   another»  Th© saate «oii:unbiie samples 
yjKferwsat sp« c tro.oeopic analysis (Tabie 63) .  The findings 
showed the identical compost tioa of admixtures iß both 
samples j, 

ColM.E.bi te is a typical mineral of pure line peg** 
RäätiiöS!  its most signibi eaiit. accretions occur in per- 
f e c t i. y d i f £ es r es s t i a t ed a nd fo 1 o c k. p e gsna 11 tes wh i o h o c csr 
ir* rocks of meta«icrphic strata« 

In fully differentiated, and block pegmatites, 
colisanfoito is represented by  large crystal.«; up to 



Table   67 

U   ! 
i' * 

TTTi 
KOAy&&&re«rtltt?aJt)rr .y3; 

KovnoKPilTH      I 

if I 

»«*•» 

K ^< sv. 
a K I-. 

a r, n 
S K iv 

I  £ f 5 *     I : 
5 V S '- ft 3- 4 a: i..O 
e ': o s ... , 

a« 
afrra 
«! t,i O » '; * o E c 
5 n T- 

■>- «**■■ i- £ 1* ** jft "^ 
*ö j* t& • -* s» 'i5 as 

$, $, p I *, & at ar o 
fV:  *v ~ | TO et 1« **  3£ 

A 8 

V ^  — 

KbÄ .... 43,63 0,J2is8 0,8220 I,:H 33,00 0,2482 0,62SJ l.t'äö 
TaäOj  .... 37.« y,IBS6 0,4240 0,GS iiK.m 0.5M5 0,S*2 
Si6.. .... HoeSi£ .«... _ — 0,05 0,0008 0,0318 ,„. 

TiO-..,.,. Of29 0, (ks-3t> cu*.'="/;: o.nt «i,;M'i 0,1*1-50 0,0090 0.02 
Al A „„. ._ 0.3,* 0,00!« l!( 0102 0,(0 
FeO     .... 10,42 0,145" V S, 1 i.K 0,."iH 2,92 <>,04*r3 o.osoe Ü.17 
BeO ....  . -..., ... ... tMäOä'i O,0;Ä)2 0,(>[Si2 — 
MnO ..... 7,fii 0,5073 0.1073 I*. '»3 st>;» 0,20«i 0/20-14 0,85 
MgO    ....   -B«.» — — o,o:> !'isOi)!5 OjMia OM 
CaO      .... —   „. O.iiS O.OüU »,(>0i't 0,0$ 
IRA .... ~~ - ._ 0,«1'! iU©02 o,(ifi03 «*M 

WOj    ..... Heotfaf . 
- *"~ __-IL_ — 

i99,48 1,^0&2   | MKO,3«; 1,-M'i'i 

¥A- COC 
IO 

,6, (El 

KCC;t6aOK|MH{5   i T. A   Evp«B, 1910 K. B. Kysap'f», 1956 

jsamiis, Ks>3yR?C-Kr-Tßfn-awTa —m nerwaTBTue «o;5!SoüH|i^:psRa?apcsMB4oro rana. i ^; 

Chemical Composition of Columbito 

.:> * 
o * 
?. 
a. 
9. 

11 « 
-6- £.*  e 

O I.' 

of 
cations 
oxygen 
cations c a I c u 1 a t e d   f o r   0 * 

Component t7 
CoiuMbits 
c o JU 'ti?o 1? j, t e — t a 11 f. a X .11. e 

Ax-omic quantities 
Atosaic quantities 
A t omi c q vtan t i t i e s 
N o t   d i s c o v e r e d 

Specific wei/ht 
Analyst and year oi' research 
T»A« Burova, 19^5 
W.V,   Kukharr.hi.kj   19>6 
Notes   The   coltimbits   sample   was 
«raii-ed  pure   line  pogmatites,   the   colmnbite~tn»talite 
irosi   th«   fully  differentiated   type   pegmatite. 

take«   from  iseditwu 

i'.f-fi- 



3*5 3K 3  st 6»0 cisr tending to occur either at 'the  contact 
!>®tw©®si the   lntesi!Slv©Iy albitlsed microclla«!  a©».®  and 
the  quartai cors»,   or  at  the  blocks  of potash feldspar 
which are  soaetiKfas  strongly alfoltlssed»     In .tantalum 
and  Columbia?« c©:».t««.t   (see fable 6?)   it  belongs  t©  the 
col.tambit0»taatalltet   rich i:a maag&neae*     A predominance 
of  tantalum over   the  eelttrsfo.it». is the  colurabium-t&ntal&tes 
is -gftB.sraI.ly characteristic  of pegmatite veins  having a  . 
coaapl®x strtsciyir«? aad strongly developed  (substitution 
processes» ■  ' 

, \ 

Tafel® 60 

f'iridimga  of Spectral Analysis  of ColuKbite 
(in percentages) 

Element 

Beryliiuss 
S&andiun 
L«ad 
Bisisiutft 
Copper 
Kick»! 

»1< 

Cöltsmfeits 

0,005 
6, 005 
0,005 
0,0025 
0,005 
0,005 
0,025 

Coltisahite- 
Taxitalite 

0,005 
0,005 
0,005 
0,005 
0,0025 



Coittffibit©  is  often, found  in pejnaaatitos  with 
meäiüta-grained  texture»     The   crystals  .hav©   corns id eralsXy 
smaller  siae   (up  to  0,6  x 0.6  x I »,5  cm)   and are  rather na« 
uniformly  distributed  among  segregations   of  pcjtash- feld- 
spar  or  the   albite  which  develops   on  it»     The   colvaahtte 
coming from  the medium-grained pegmatites   (Table   67? 
analysis   1)   ©.re   characterised by  the  prevalence  of 
cclumhitim  over   tantalum   {in a   2s 1   ratio)   with nearly 
equal  molecular  content»  of  F$  arid  Kn» 

Occasionally»   colunsbite   is   found  in  pegmatites 
occurring isi a  granite tssftsssif  and  in albite-quartss 
veins*      In  the   first  iiistan.ce   fine*  colxsaibite   crystal© 
(up   to  0..1  x. 0.15  3C 0»3  cm)   t©nd  to  occur  at  inicrocline 
granules,   and   is  the   second  at  alMte   fringes   in   the' 
quarts  veins« 

The  usual  association  for  columbite   is   with saicro™ 
cline-j   gantet s   quarts; ,3   molybdenite  and   fliaorite»     The 
basic  part  of   the   columhita  was   formed  in  the   early 
stage  of  the  pegmatite  process,   inaserach  as   its   crystals 
are  as  a  rule  erabedd.ed  in  Miicro-eline,   sosaetijaos   in al« 
bite  and  garnet  which,  developed alor»,g   the  Bsicrocliiie« 

32,   Mic-rolite 

Mierolite is rarely encountered in the forra of 
fine octahedral crystals and oval- granules«  Its color 
is light yellow and reddish brown»  It occurs with 
potash feldspar in granitic pegmatites«  The debayegram 
for siiicrolite is typical of the given mineral« 

33« Molybdenite 

Molybdenite is found at the Emerald Mines AB  a 
«secondary mineral»  It is reoreaented by fiae «scales 
and Miorsorpbic plates showing hexagonal f crss, while 
crystals are rarely seen., The size of the plates ord±~ 
narily varies between 0,5 &»d. 5 cm  in. diameter and 
goss -up to 10 cm  in isolated cases.  It is grayish white 
in reflected light.  It is strongly anisotropic. 

Table 69 shows the chemical analyses of ajolybde- 
ite from pure line pegmatites . (analysis 1) and plagio» 
clase lenses in .desiiieorii^efl pegroatititos (analyses 
2 and 3)• 



Table 6 9 
Chemical Composition of Molybdenite 

'Analysis I   Analysis .2  Analysis 3 

Components weight Atolle   ^-% fc:;j%fe ^%'%   iiÄ.« 

iSi tSB! 

Mo .  50,67 0,6219 

   .„,., 

00,0*?' 0t62öl  J 60.ÖS 0,6262 
S. , 40,30 1,2570 40,24 1,2551 | S0f9S 1,2461 
h&      •>     „     *     »     *     *     h 0,«X)32 0,0068 :    0,0072 ..™ 

Te ...... ,' ^"" 0.002 __ ■    0,0023. _ 
Re ..... <.. (KOOGS _ 0,0003 ~     | 0,0055 — 

a                  • ' * 
of» or? 
■J,"'S *■'• 100,31 ■ i -100,04 

The   findings  of   spectral  analyses   of  five  jaolyb- 
äeaite   saeipies   are  presented  in Table  70«     The  first ^ 
three  of   these   samples  were  also  studied by  the   chemical 
Pietfood   (1, 2.j 3) 

Molybdenite   is  taxmä  in pure   line  pegmatites 
QCGvrrin<r bcsife   ia  Kt*a.nites  and  isi Biet&fisarphic   strata, 
as'w-ftll  ee   ixx  desiii.coKiaed  pegmatites   and  is  pneumato- 
1ytlc-hydrotbermal   foliations» 

In pure  line  pegmatit*« molybdenite^tends  to 
öCCöJT at   the microcilsie  which  is met  with  in the  Cora 
Of   fine  pbeno&ryats  and  soRsetissss  platy  segregations  up 
to   two   centirasters   in  six.©«     In  the   desiliccmiaed  pegma- 
tites   it  forms   fins   {up   to  0*5   CBA)   phenoc-rysts   at   the 
contact   betweeti   the   plagloelase  bodies   aad.  p'hlögopi.ta 
zone.      Its   large   segregations   (2-5   era«   soaietiiaes   up   to 
.10   ess  in  diameter)   are  fouad  at  the  plagioelase   cores 
or  &t  their   Contact with   quartz  inclussioas»     The  most 
abundant   impregnation  deposit  of  molybdenite  is  noted 
is   »rayish.  green ^lagrioelase t   viher«  it   is   closely  as- 
sociated icith native  bismuth,,     Beside»,   molybdenite  is 
pr*»ent   ixi  the  phlogopito   »one  aad   aometijnea   is  noted 
in aetiKolite   lenssa.   In pneua&tolytic-hydrothernml 

■ veins   saoXytedsmits  is  enco.untsred  in  the  form of  fxxse 
flakes'in   parts  bodies  and pl-1.iogfjpi.t0   aoaes»   only at 
a   single  section nsar  the   contact  betwesn  the   quart as 
body and pl&gioclas«  does  one  see  large   (tip  to  5  «u 
tabular'j>recipitatioaa.&   of  molybdenite* 

In  this  manner Molybdenite   ±B  present   in  ail  ye in 
format lows,   be«inning with high  temperature  pegmatites 

?l 



ibie 70 

Elements 

Findings of Spectral Analyses of Molybdenite 
(in percentages) 

From  »tare line} 
-—' From desiliconiaed pegras- 

BeryIlium* 
Arsenic 
Mau ga 11, e & e 
Lead 
Tin       ' 
Ma gR.es iuas 
Silicon 
Gernsanima . 
Bismuth 
Aluminum 
Copper 
Silver 
Nickel 
Calcium 
Staron.tiy.iB * 

pegmatites! 
.4™ 

"t 1 iSS 

— 0,0033 

0,055 0,(K.)5 
0,001 _ 

— y.üOi 
0,0025 0,35 
0,005 0,!)i 

0,003 0,035 
0,01 0,04 
0,005 0 021) 
0,0025 — 

— 0,025 
0,01 0,04 
o,ooor> 

0,02 

0,(505 
0,1301 

0,020 
0.005 

0,020 
0,04 
0,005 
0,0025 

0,05 

0,0001 

0,005 

0,035 
0,00/, 

0,0J 
0,005 

0.1 

0,0003 
ojot 
0.005 

0,00;». 
0,004 
0,005- 

0,0i 
0,005 

0,05 
i     0,0005     j   0,0005 

Beryllium   was   determined  by   quantitative 
Sp e c t r a ,1 AB a I vsi ■« 

PS % i 

ftst 

1'3.:/-;.'-.*<"-'■ 

fig* 90. Int er growth of Molybdenite with 
Native Bismuth« Kagn, 13O x 
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and ranging up to .low temperature quartz viens.  Its 
characteristic associations are with piagioclase» native 
bismuth, phlogopite and  actinolite*  Fine tabular molyb- 
denite crystals are often covered with aJ.bite arid calotte» 
The precipitation time of molybdenite in desi.1 iconized 
pegmatites is close to that of native bismuth, with tfhich 
it forms intimate inter growths ■ (Fig. 9<>) * 

Molybdenite from the Emerald Mines is often sub- 
stituted 'at the oxidation zone by powellite,  ferrijnolyfo- 
dite and molybdic ocber.  It la   frequently possible to 
see hollows with hexagonal or fissured form, covered with 
a coating of molybdie other having a yellow or bluish 
green color  with still preserved, occasional remainders 
of molybdenite and po we Hi to flakes» 

During the process of formation of the Emerald 
Mines the greatest amount of molybdenum tended to con- 
centrate at the mobile part of the «aoltexi pegmatite 
solutions enriched with volatile compounds«  The latter 
was characterized from the very inception by increased 
molybdenum content; moreover, the rsie,five concentration 
of these elements was: feeightened upon the interaction of 
the melt solution 'with the enclosing rock, when the other 
components of the melt left to form contact zone minerals» 
Increased molybdenum concentration Is also noted iß later 
pneuiikatolytic-hydrothe rasaI sol«.tions » 

34. FOWELLITE 

i'oweliite is rather infrequently found at the 
Uralian Emerald Mines*  It is seen in thin foliar aggre- 
gates (up to 1.5»2 cm across) having a yellowish gray 
and light brown color»  Monoaxial, positive» The index 
of refraction is N - 2.02  * 0.02.  Powellite coming 
from the piagioclase zone in desiiiconized pegmatites 
was analyzed spectroscopicaliy (Table 71)» 

Powellite is ordinarily adapted to piagioclase 
in desilicoBized pegmatites and is formed as the result 
of oxidation of molybdenite, from which only individual 
flakes are often left over.  Powellite is substituted 
in its turn by molybdic ocher with a greenish blue hue. 
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Table 71 

Elements 

Beryllium 
Manganese 
Lead 
Tin 
Magnesium 
Silicon 

Findings of Spectral Analysis 
Powellite 

height %    Elements 

0,005 
0,005 
0,005 
0,005 
0,05 
0,005 

Iron 
Bisitmth' 
Aluminum 
Copper 
Strontium 
Bari turn 

Weight  % 

0,1 
0,0025 
0,1 
0,005 
0,035 
0,0025 

35 F1HE1MGLYBD1TE 

Ferrimolybdite 
molybdenite, has a li 
the plagioclase in, de 
has a large-; number of 
colors gray yell©«?/ or 
hollows varies from 0 
in a powdery ssass of 
individual tnolybdenit 
of this minex'al« 

Ferrimolybdite 
apatite5 beryl, fluor 

t a product ©f the oxidation of 
jsited occurrence.  It is found at 
silicon!zed pegmatites where it 
cfcink~Iike hollows whose walls it 
greenish yellow«  The siase of the 

«3 to 2  cm  in  disraater.  Sometimes, 
fcrriJ8olybd.it«: there are preserved 
e flakes covered fey a thin coating 

is associated with molybdenite, 
ite and native bismuth» 

36,  MOLYBDXC OCHE'Ä 

Molybclic ocher is the end  product of the oxida- 
tion of molybdenite.  It is found in piagiocla©© cores 
in desiliconixed pegmatites, where a large amount of 
chink-like hollows are seen, whose wails have kept 
sparse traces of greenish blue ©eher with molybdenite 
flakes frosa being leached out» 

37.  ZIRCON 
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._' Zifeoa\-is  fotaid isa  tti,a g>hlogoj>lte  zone a® very 
fin«.(up  t©  0*01  »s)   prifif-iaatie  crystals,   usually aar- 
rotsatded by pleoehroic halo®   (Fig*   91)«     Spectral analysis. 
of phl-ogopit6 with sa e.xtr«esssely larg© irasatoer of inclu- 
sions  of  sirC'ts«,  shows  traces  of  isXreoniUBs* 

la 

"■''Of^Ptelil^llpsfl^, fffpK 
|  , Pig.91, 

«tit 

SET'S 4 

Zircon Crystals with '•. 
pleochrolc halos» Magn» 
400i,    Without  an analy« 
'»er. 

Tlie greatest quantity of sslrcoa'was found in the 
ractiora S5©ufc at the contact between diorit.e and serp©».-» 
ti:a<s.; composed of f«rrephlogojaite.  Somewhat f^wer air- 
eon inclusion« are contained in the phlogopit® zone® 
of desilicoai^sd pegmatitesy - ' 

38 *  SCHEELITE 

Schael£t& »s discovered at the Emerald Mines in 
the forja of granular aggregates (up to 0*3 -0.5 caa im 
diameter) with gr®mn.±sh  yellow color in dolomite streaks 
which traasverae sorpentine.  It is associated with, 
p'fee»aeit0s fluorite, ilmenite, pyrrhotit« and pyrite« 
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SECONDARY ELEMENTS 

BERYLLIUM' 

The geochemica! history of beryllium at the Emer- 
ald MiB.es of the Urals is extremely interesting.  In 
order to discover tho distribution of this element in 
the enclosing rock and different types of veins, as well 
as to discover the laws underlying its distribution, a 
number of chemical (Table 95) and quantitative spectral 
determinations were made« 

The- highest constant beryllium oxide content was 
characteristic of granite '(0,000? •» G*GG25%) and its 
vein complex (0.0021- 0.0037%)»  Increased beryllium 
oxide contents (O.OOOB - 0.0022%) were noted for ultra- 
basic rock and its metaaiorphiaed varieties only in 
sections adjoining, the contact with the granite of the 
Mursinka intrusions.  With greater distance frosa this 
intrusion the beryllium contest in ultrabasic rock 
diminished sharply»  For example,, east of the contact 
with the granite massif one noted only traces of beryl- 
lium in the uitrafcasie rock» while in serpentlnissed 
peridotite from the Asbest deposit, beryllium w&«s. not 
discovered» It follows .from this that the basic source 
of beryllium is the granite intrusion» 

Table 95 

Beryllium Oxide Content in Rocks 

Rock BeO Content,?«» Number of 
determinations 

Pegmatite 
Apiitic rock 
Biotite granite 
Binary granite 
Porphyroid granite 
Quarts diorite 
Diorite-porphyrite 
Atsphifoole gneiss 
Chromium- containing 

0,0021 -~ 0,0037 
. 0,0018 

O.OOJi-—0,001'* 
0,0007—0.0025 

0,0028 
0,0007--0,0033 

■0,001.1 — 0,0072 
0,0028 

0,0025 — 0,0051 

1 
2 
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Eo ok 
Table 95 (Continued) 

BeO Contmtt«%  ' MuM><er of 
determiaati OBs 

aisphifoole 
Tr&asolite rock'- - - * 
Pyroxene porphyrite- 
Pyroxeixtt© - - - - *- ---..» . 
Paridetite - - ™ ■ -- •• . 
S.si~p©'!ii,is;.is0C! -- * - - * * 

p®rl<Jotite      ^.^ 
Bimite  «■■ — -'"*- "' '" *"". , 
Serpesit.*?,*!© ~-"v '"'" 
Cfelcsrit©   zone '" "  . - ■■ 

■   0>ÖÖ|7 

0,G01l 
trace 

sot   ftnxad 
0,0003 

0,0018 — 0,0022 
0,0064 
0,0013 

Tb.ö wida distr libation of beryllima attest» to its 
«aobiiiiy la t:he miueral-f orraation process, It is In ail 
probability introduced in the form of fluorine coispouadss 
together  w.itfa  water  pairs  and  aKifaydreras   hydrofluoric 

Of>rs.e   o'st   fey  the  presence  of  cllnohxna  t* 
is  assoc.iat.ioa with  pfaenacite  in  the   sarpeatiM«     me 
serpentine   is  not   oaly   cut   through  In  this   case  by cliao- 
liissäite   streaks,   but   is   also  h&avily  istrpregrtstscl  by  the 
latter  near   taess   streaks * 

Beryllium  ±n  sotae  particular   quantities   is  present 
is aoarly  ail   the  sixers.! s  öf   the  Uraliaa  Eaaera.ld Mines 
with  tfo.®   exception  of   talc,; .calcite»   dolomite  asd  chromite. 
it   occurs  as   tfc.e   principal   campan&nt  in  fesryl   (I2«35-» 
i?*83^ BeO)*   emerald   (I>»57/0*   phemaeite ' ( kS»8290 ," 

■chrysoberyl   (18*05 - 19 *05%) ,■   alexandrite   {l8,?*H)s 
.bÄvenltft   (6»33 ~ 6.609B),   aud -bertraadit©   (40*83#),     In 
ether  asinersia  borylliusa is  foiled  in  tl 
j&Iiic  .sck&ixt'ares 

;fte ions of .soffior- 

Tlie «K-sves distribution, of beryliiuss in the vein 
complex should  be j&oted (Table 96).  In pure use peg- 
matites there occur a aas-ong the■intrinsic beryllium 
minerals only beryl and very insignificant emouats bert- 
raiidite forced after the bery|*  1» the dispersed state 
heryllifam.  is, tmmd   in  eight minerals: raicröeliRe „ garnet* 
Muscovite ,. coluaibite, cclumbite-tatstclito t qaari,?,, 'apa- 
tite aaü alfoites.  Berylliusa is contained in'garnet aad 
albite-eieaveiaBdita fro® differentiated pegmatites in 
increased amounts in comparison with pegmatites 'haviag 
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un d i £' £ e r e n t i & ted s t r u c t u.r e , 
in j>nei«natolytic~hydrotherraal veins, just as in 

pure line pegsaatites, beryllium Is present as the chief 
component in the cosspositloti of beryl, and bertrandite 
which develops after it 
curs in quartz 

»c- 
jKrtAscov.it e 

En  the   dispersed   state   it 
'foornite   and  alfaite.   while   it 

is   found   in   the   latter   ixi   sosnewhat   greater   araoimts   than 
iti  alfoite   frota  pure   line   pegmatites. 

Table   9& 

Content   of Dispersed  Be r y 11.111m 
Minerals 

P e .KBsa t i t e 

Miner et Is 
Mo 5of 

deterrain- 
*& x J . o 11B 

Fluctuation ia BeO 
contest, % 

¥WH,& 

Microeliis.® 
Muscovite 
Finengrained aibite 
Clea ve1andi te 
Garnet 

LIKE   PEGMATITES 

5 I 0,(Xu'G—0,f.X)i8 
2 j 0,0052 — 0,0054 
i j if 0026 
2 J 0,0045 — (),W<7'J. 
i \ «,(»25 

DESILICONIZED   PEGMATITES 

PI a g i o c I a s e 
frochlorite 
Corundophilite 
Phlogopite 
Actirtolite 
uortib.lers.de 
Be~margar.it s 
Prehnit© 
CI i n o h van i t e 
To pa st 
Apatite 
K a t i v a   8 i s m u t h 
f'uchsi te 

0,008 — 0,: 

t»((K>iS --- i),i 
0,0001 
0,0014 

0,1084 
0,003*5 

OjOOt'i 
0,0007 

0,0007 
o.OOfM 
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One finds in trie   desiliconized pegmatites, in 
distinction to pure line pegmatites and pneumatolytic« 
hydrothermal formations, all of the independent beryllium 
minerals knosm from the Uralian Emerald Kines; beryl, 
emerald* chrysoberyi,, alexandrite, phenacite, bavenite, 
and bar t ran elite *  Moreover, beryllium is present in 
increased quantities in Biargarite f plagioclase, prochlor- 
ite» prehnite, actinoiite, where the content of this 
e leas exit exceeds the clarke by several times« 

Silica  deficiency in the mineral formation pro« 
cess of desdiiconis'ed pegmatites results in beryllium, 
which has an ionic radius close to that of silicon, 
starting to function as the latter in crystalline 
structures.  This produces partial dispersion of the 
beryllium in the minerals of ti.e contact ssones, especial- 
ly in prochlorite.  .Silica  deficiency, together with 
relative excess of alusiirmm, produce the characteristic 
associations of beryllium Minerals: beryl + chrysoberyi, 
phen&cxte   + chrysoberyi which tend to occur mainly with 
chlorite« 

In conditions where tsuere is a shortage of sili- 
con dioxide which enters into the formation of alvualno- 
siiicates of magnesium, ix-on., calcium, i.e. elements 
«mich have more basic properties than beryllium, beryl 
cannot be formed in a ntwrsber of instances and instead 
on" it there,  arise:: 'beryllium aluminate --chrysoberyi and 
beryllium silicate --phenacite.  The process follows the 
f o11owing schemeI 

BesA!aSis01K — 5Si0g + Be, SiO, + BeAlA 

As Goldschmidt has pointed out (193Ö) the associa- 
tion oi beryl, pheaacite, chrysoberyi and quartz cannot 
be formed under the same temperature and pressure condi- 
tions*  He does nevertheless assume the association of 
phenacite with quartz,  This assumption is true» appa- 
rently for granitic pure-.tine pegmatites, where no 
alumina excess is perceived.  In the desiliconized 
pegmatites of the Emerald Mines such a paragenetic asso- 
ciation is hardly probable due to 'the relatively high 
alumina concentration in this process« 

Silicon is principally isoraorphicaliy replaced 
in beryllium minerals»  This process has appeared most 
clearly in beryllium-containing margarite,  In this 
mineral the amount of aluminum is reduced in conformity 
with an increase of beryllium in it*  This regularity, 
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it would seem) points to tue fact that beryllium replaces 
. tne aluminum; however«  inasmuch as silica tetranedrons 
lie at the basis of the silicates, while the alumino- 
fciiicates are isiinerals in which a part of the silica 
tetrahedrons has beeu replaced^ by tat) a lxHisiiiu;n oxi cies , 
it is n;ore correct to consider tue berylliums in aargaritc 
replaced not. by aluminum, but rather 'by silicon, since 
aluausiuni itself replaces silicon in iius mineral  in half 
oi tue silica tetrahedrons»  Inasmuch as bivalent beryl- 
Hurt) takes the place of tetravaleat silicon, two negative 

~e freed by each atom, Klrich can be compensated ?aXeness ar• 
.'or. .either bv the entry into the crystal structure of 

positrvc valency, or by 
the substitution of oxygen by fluorine or tire hydroxyl 
group» . Fluoride airci OH enter   in the compos it ion of 
ber y tiiitm-cont ainiiiü wargarite in significant' amounts« 
Alumina and beryllium oxide tetrahedrons, in contrast to 
those of silica 5 permit the substitution af oxygen by 
fluorine and hyciroxyl , and the entry oi' beryllium into . 
inaryarite car be realized according to the   following 
& chcisie ; 

Be'-r - 2 (OH, !-■>"-- - Si*+ -\-20-~ 

Because   of   silica   deficiency, during.,   the   desiiica™. 
th>a   process,    beryllium   probat»! y   *>iuys   a   similar   role   as 
well   in   beryiiiriü?--'contair.iirc   ].lagiociase.i ,    prermiie   and 
procticrite, 

Ire   georreifiistry   of    beryllium   i.s   o1   interest   in 
tilt;   late   hydrothermal   c-taye   of   trie   process   when  .the 
dissociation   of   the   eai'iy   beryllium  snincrala,    chiefly 
teyi ,    takes   |l»ce,      heryiiiu;a   which   is   triers   liberated 
.eaters   into   reaction   wita   calcium   an,;   foiraa   an   indepen- 
dent   rnijioral 5    cavcrri te v   as   'well   as   entering;   ia   the   form 
of   »ma 3.1   adsiixtt-rss   into   late   aifoita»   closely   associated 
witii   i)."i»:iini te« 

The    geocaemicai   hisiory   of   beryllium   duality   the 
i!}:'pei g;eju.c   i.'i'oce.ss   aa a   acciraivied   ia   ycncral   scarcely 
-> cwdiod   up. to   now»      3d:    is   natural    to   assume   that   it   can 
iv.iyrate   ra    tec   form   of   ualoids 4    uydroai cies ,    carbonates., 
ihcarbonates   and   other-   so.idhle   compounds ( 
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ZINC 

Among  the independent %±nc  miaerais found at the 
Emerald Mines only .sphalerite is known»  Zinc is present 
in I? minerals in the foria of is-oäsorphie additions*  it 
is seais ia pur© line peget&tites 'in Muscovite (0.005- 
O.O25S0 » garret (0»OÖ5 - 0«Ö5^) and i.n  paeumatolytic- 
hydrothermal vein's i«. boraite (G«C>59*) and is rausco^ite 
(0.005-0*0^5^)* ''Besilicenissed pftgaatites are charac- 
terized by a edasider&bly i&rge amount of minerals 
(totuntsalin®» proefelorite? cortmdophilit®« aciixmlite, 
prehn.lt©» -phlogopiies etc«), in the composition of which. 
Eine is included (see Table 9^)« 

Tiis® presence of  sphalerite in pnetmatolytic-hydro- 
theraaal veins asd siac in disp&rsion iss .ptsre line pegma- 
tite minerals suggests that its m®.±t%  source is to b© 
fouad in derivatives of the granit® intrusion*  The 
closeness in sis® ©f dime's ionic radii to those of . 
Bsagnesluas and- to'iv&lesj.i iron aad the high content öf the 
latter in th® voisi complex have produced the strong 
scattering of zdncln  £»rro-»jasgaesittm minerals. 

BORON 

Boron ±&  relatively widespread throughout th© - 
Ur&Ilan Enaerald Mines,  It is found xn  granites* their 
vela derivatives, as well as ia tlas enclosing'rocks 
(Table 97)»  Boron has probably be©» introduced into 
their mstamorphGiais by early eKsanatiöSs of' granitic 
intrusions ia .the £orsa of volatile? fluorine eospc-wt^s» 
iu, particular BF5«   The ssaijs mass of bore» apparently 
wa» introduced at the vein stag© ia the formation of 
the deposits by pegsmatite-pnetsäMatolytic malt'&n  aoiittioras» 

Table 9? ' 

Boroa Content in the Enclosing Hocks* 

Rock B2O3  Cojatent,   in % 

Met&aK&rphisBfcd dtuaite 
Serpentin® 
Carbonaceous shale 
Talc schist 

0,018 
0,011 
0,0! 
0,005 



Rock 

Table 97 (Continued) 

B«jO, Content, In. % 

Amphibole gneiss 
Binary granite 

0,004 
0,02i 

Boron was determined by chemical analysis 

Only tourmaline occurs among independent boron 
minerals in pure line pegmatites.   Boron is .present 
as sparse additions in these pegmatites its. rauscovite 
(0,014-0.026% BgC>3 }*  In desiiieonized pegmatites, 
besides tcmriaaiine, boron enters in slight amounts in 
phlogopite (traces to Q,QQ6%  B2O3) and prochlorite 
(0,008 » 0.0599»).  The high boron content in feavenite 
(0.31% B2Ö3) should be mentioned, which forms at the 
late stage in the hydrothermal process ixt de&iliconized 
pegmatites *  Boron's ability to substitute silicon pro- 
duces its widespread dispersion in chlorite, phiogepite 
and muscovite. It is interesting to note that a con- 
siderable silicon deficit in bavenite is compensated by 
bor OS!» 

Boron is a widely distributed element in the 
emerald deposits in other corai.tr.ie.*;*  In „all case® its 
chief amounts are connected  with tourmaline in desili- 
conized. pegmatites, in which, this mineral occurs More 
rarely»  It is only natural that boron is fixed in tour- 
maline,, since the .iftoiten solutions which form the desili- 
conized pegmatites hit the enclosing rock which is rich 
in Mg and Pe**.  The -presence of signi.tica.nt quantities 
of boron in desilicaniaed pegmatites bears evidence  to 
support their formation during the pneumatolytic stage» 

Emerald-bearing band.s disclose an increased 
boron, content in contrast to fluorine runriing in the 
direction, from north to south.  This is evidently con- 
nected with the heterogeneity of the initial composition 
of the pegaat.ite pneumatolytic taelt solutions which form 
in various parts of the intrusion and besides this, more' 
deep-seated parts of the pegmatite bodies have heen 
discovered in the. southern part of the emerald-bearing 
zone, where boron ia significant quantity is bound in 
tourmaline with the assimilation of iron from enclosing 
rock®« 
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CARBON . ■  ' 

Ca,rbo:o. does not play a substantial part in endo- 
genie processes &t tfee Emerald Mitiss*  In the late 
hydrothermal ©tags it enters ■ into the compositiofi of 
calcitö, dolomite and. rhodoch.ros.ite«  The possibility 
does indeed «ist- tli&t the formation of these mineral® 
äs oosmected with tfoo decomposition if -altrabasie and 
basic rocks hj  lat© ca.rboag.te fractions of the gr&nXte 
intrusion and' the . calciuss and »sagaesiuKS dez-ived from 
the-si,  The csrbea of carbonaceous shales did not parti- 
cipate in mineral foris&ticm, for the fractions of the 
gran.it© is tr«« loss, did not react on tfce carbonaceous 
slates* 

. During the hyperggm.ie stage coKs.isler.-abl©. amounts 
of carboxric acid reacted with the uitrabasie rocks, 
dissociatod the ferro-iaagriesiaa ailics.tea with the forsssa- 
tioxi of dolomite{ displacing' silica which crystallisei 
in  th^'torm  of opesl and chftlcedoasy.  At this same stag® 
malachite j szurate and bismmthitö were formed» 

Asi-ong the i:&äspera.der*.t iitaniusa minerals fotmd at 
the EMS era id Mine© there were rutile* spheae 9 (grothlae) 
sad ils&eiaiie which are adapted, to th© chlorite zones of 
desiliconiaed pagiBatities *  I» the dispersed state 
tittmiusa oxide farms a whole series of minerals! 
biotite, phiagopite., muscovite, fuefessit©» tourmaline, 
e-tcAB&e  Table 9%)«  The distribution ©f titanium in 
the indicated minerals and its crysiallochesaical proper- 
ties allow on®' to suppose that it isomorpliically replaces 
Fe*** i» feiot.it* &nd  phlogöpite, Al in  tovuraialiae» Nb 
and Ta im ©olurabits* which thus produces its intensive 
dispersion through a large nusiber of iaineral®. 

The- «aaiti source of tit&niua» is. dssiliccmised 
pegtaatites of the Eaierald Mines is the enclosing rocks. 

ztmcmiim 

The Muralnka granite intrusion and the pegmatites 
associated with it are characterized by an exceptionally 
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low zirconiufß content»  It is present in thousandths 
and ten thousandths of a fraction in ansphiboles, 
amphifoale gneisses, and diorite-porphyrites•  In pure 
line pegmatites it is contained in 0,005% quantity in 
garnet, a.lbitet coinahite and apatite»  The zirconium 
content in quartss attains 0*0025%»  In desiiicoirized 
pegmatites asircönitiffi is fonnd both in dispersed state 
and in the form of zircon*  The latter is found in 
extremely fine crystals* contained In phlogopite.  Be- 
sides this, zirconiui« is contained in tourmaline and 
actinolite in quart title,*?, of 0.05%* 

PHOSPHORUS 

Phosphorus was established by cbeisical analysis 
in serpentine, ohroHJiisBi-containing airtphibole and amphi- 
bole gneiss (see Table 94). In   the mineral-formation 
process at  the Emerald Mines it plays a considerable 
part»   Among the independent phosphorus minerals only 
apatite is known which is present in nearly ail the 
above mentioned rock«, &s  well as ±n  pure line pegmatites, 
desilicofiized pegmatites and pneuiHatolytic-hydrotheriaal 
formations*  The source of phosophorus is probably both 
in  derivatives of granite intrusion and the enclosing 
rock, 

Phosphorus is found in the dispersed state as 
well*  it has beim determined in phlogop.ite (0.2? - 0.25 
percent P2O3} by chemical analysis, and spectrally in 
native hianrath, ilmenite and piagioclase.  Because of 
the closely related sizes of the ionic radii, phosphorus 
replaces silicon in apatite and   garnet,  It is not out 
of the question that in phlogopites, for example, silicon 
is also partially substituted by phosphorus, the symmetry 
of the  PG/j and SiO^ making such an isomorphism possible* 
This is all the more probable, for the formation of the 
Ur&lian Emerald Mines proceeded with, a lack of silica. 

NIOBIUM AND TANTALUM 

Colnrabiitffi and t ant alms have sparse occurrence at 
the Emerald Mines.  Their independent minerals, columfoite 
and tantaiite, are found in pure line pegmatites as 
accessory minerals*  These minerals have not been», dis- 
covered in desiiiconized pegmatites, which is well 
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explained.,   together with   the  lew ealumbiioifc and  tantalum 
content  ia derivative  granitic magtssa,   by  t&$  dispersion 
of thes©' elesj^atst  IK aaiitsrals  rich  in iron '&»„d which 
contain' tltaninen   phiogöpits, ■chlorite»  where  they iso<- 
sorjshieally replace   iron tmd  titanium» 

The   slight   eoi.tiMtri.m-0 and  tara.t&lia*a  contents   dö »ot 
permit   thfeir   detection by  tfcs   chemical  method  frosts  ordi- 
nary  saeiplsiSs     Pross  large   samples.,,   colvüEabliiüa has  bees 
deterasiaftd ia binary granite   (0,002 Nbj»Ö5> ,   to pegmatite 
CöoÖöS Nbjgögi)}   ^ phlogopits  fro,® tie&iiiconi&ed pegsaatites 
one  aas   established NbgC^,     O.QX7tf  and TagOe       0**ÖO2tf, 
e©I-«!3sbimB. has  been estabiifi-Jted 1» kaoliaita (0*01%)   using 
th&   spectral ■ Eaetbod» • 

.BISMUTH 

Bisirath  is  found  in  granite  and  tremoiit©  roc!« 
CQ«0005fO«     Xp, pur©  litte  pQgss&tites   it   is  presez.it  i». 
dispersion  in  temtalite,,   molybdenites   apatite,   garnet, 
colvmhite  and Bmscovits,     la paetiasatolytie hydrothermal 
veins 'bismuth  is  eiioovmtered' i». foorti.it@s   gphalerite 
«md israsc»vit@»     la desiliccmiaed  pegmatites'«   it  forms 
iadepeadatit stlsi.ere.ls;   nativei  bissnuth asd  tcrfcractytisitö s

v 

and  i*  present  also  iia  dispersion  in molybdenite* 
cirrysofeeryl f   ilmeuit®,   cfaroiait©«,  saiagjaatits,   pfalogcpits* 
ftteh^iie*   apatite,   fearyllitts-eorrfcaimiarg asa.rga.rit®  aad. 
ot'&er minerals   (see  Table   $4)«, 

The   granite  iiatrusios.  and  its   differ ©jut  £r«ct±ems 
are  tlw socrce- of hiaamth.     The  r<slatiire  dearth of  sralfur 
lr&  the   granite   intrusion has  led.  to   tfee- . dispersion  of 
foiaauth through, a aiusafoer  of  minerals  aad rscks  and  caused 
ths   fcvrsaatiofö' ot xi&tlv«*  bissatath.     The  preseae®  of  bismuth 
ia.. iresEolite  rocks  evidently attest«  to  ife.**  introduction 
of  this  e.l.®ia<as!-t  to  t>.<*  roof" öf  the   intrusion, at a very 
early stag©  it> its  xni&ra.cti.on with  the'enclosing rock. 

■ s> 

SULFUR 

Sulfur has played aa iasigaificaat role is. th© 
proi^BSB  of sti&eral formation at the Emerald Mines»  A 
part of ±t  was brought ia by fractions of the granite 
iatrtäsic>:as aa evidenced by. the preserve© of suutfid*» i» 
pare line pegmatites and paetssaatolytic-hydrotberasal 
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formations, while another part was assimilated from the 
enclosing rock (Table 90}» 

Table 98 

Sulfur Content in the Enclosing .Rock 

Rock Sulfur Content in % 

Dunite 
Serpentine 
Treaiolite   Rock 
Afljphibole,   containing 

chromium 
Araphibole   gneisses 
Quartz   diorit. e 
Metamorphized   quartz 

diorite 

He oßt?. 
0, 3i 

He 06». 

0,07- -0,08 
0 14- -0,18 
0 St- -0,12 

<M2 

In pure line pegtnatit.es, sylfur is found in only 
one mineral, molybdenite.  In. pneumatoly tie-hydro thermal 
veins it is present, together with molybdenite, in 
sphalerite? pyriia, ehalcopyrite and bornite«  la desili- 
eoBissed pegmatites, aside from the independent sulfur 
minerals, molybdenite and tetradyaiite, a part of the 
sulfur proceed» through dispersion« combining in 
heryll ium~containing margarite (0«11%) ami in a number 
of cases in phlogopite (Ö.03-* 0*15%) • 

The occurrence of native bismuth in cross line 
pegmatites and pneumatolytic-hydrotciermal veins attests 
to sulfur insufficiency in the veins of derivatives of 
the granitic magma.  This is also indirectly borne out 
by presence of tetradymite granules in native bismuth, in 
which, cuite possibly, the role of sulfur is filled by 
tellurium«  Only part of the elements which have an 
exceptionally strong resemblance to sulfur, as , for 
instance, ainc, rnolybdenium are found in the form of 
suifides .with a shortage of sulfur» 

CHROMIUM 

The presence of chromium in mineral formation at 
the Emerald Mines is basically required for the green 
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color 'of  the  emerald».     Chromium is. contained  in largest 
quantity tn itXtrabasic  ai*d basic  rocks .and  their raets» 
raorphoaned varieties ,   se.rpeAitias.es,   aasphiboI«*s§   it  is not 
tetiad  in diorites  and  aiaphibole   gs.ei.sses   (Table   99)» 

Table   99- 

ChroEiiiaa Content   in  EacIo&iKtg  Rock 
(ßa£a  of  ChSHsical  Analysis} 

Rock Crs * 2«>» Mußiber  of 
$©terminations 

M© tamorphö© i a©d 
dusivites - «• 

Serpentin©© — « 
Talc serpe^tiss. 
Me 1 asffior pho s i B«S d 

pyroxeiait© 
Aisphiböles - - --- 
Tresaolite reeks 
D .lor 1 tea - -- — 
Biotitie dier.it 
Aiaphiboie   gneis 

es 
B'B-i 

0,30 
. 0,15 

0,28 
.0,11 — 0,1:» 

t ,0,08—-(.5,24 
|       0,08 

In  oltr&bssic  rocks  chr&mixtm is  present  in  the  forsa of 
chroasite»   as  well  &«'  iss.  isdasosrphtic  additions   to  feri-es- 
atagaesias,  silicates*        The   chrowium which  is   contained 
in"pure   line  pegmatites   is  thousandths  of  & percent  was 
moBt  .likely assimilated' by tfas   granite   iatrusSf.ion -froja 
rocks  ©a the roof*     In drose  list-©'  pegsstites   ch.roiai.wfi 
®jit®rs  in  the  form of  »dditiosae  to  19 «saisier&lss   ©pidöt© 
(1«05"»)«   jfuciigitis   (0*6S^),   berylliOTJ-cositainisig margarite 
(0.4tf) ,. alexandrite   (0.3096),   phlogopite   (0.239i>*   chry»o- 
beryl   (0.0®$),   beryl   (0«03 - 0.06$) »   emerald  {0,13 •» 0*25?O 
and others*     It  was*  discovered fey epoctroi sB.a3.ysis ia 
tourmaline   (C.25#),   biotiie   (0*025%),   pbenaeit«   {0*005%}, 
topaa   (0*025%)»     The   satrasce  of  chromium  into, epidote»' 
fvicfesitfeif  beryiiitwa-coataiXiirig margarite and  phlogopite 
produces' reduced  intMssity in the   coloration of l&t» beryl 
wM.ch  ordinarily fe&s  a   greenish  white  faixsu 

Etador  the  effect  of p«g»atit«&  aad pnetmsatolytlc- 
hydrothermal  solwtioas   oa  the  ultrabasic  rocks,   chrostium 
passe© ovar  irsto  solution»   fross wheiic© 'it  enters   the 
structure  of  the boryl>   iso®orphioally replacing the  Al 
in  it  and lending it  a.  green color« 
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MOLYBDENUM 

Molybdenum is eracotaiterßd at the Emerald Mines 
In all vein bodies of the granite intrusion*  In. insig- 
nificant amounts it has been determined by spectral anal- 
ysis in. albitöj isiuscovite ( apatite (from pure line pegsaa- 
tites), in sphalerite, and bornite (from  pneuaiatolytic- 
hydrotiieriaal 'veins), in phlogopite, proohiorite, cortindo- 
philite, fuchsite» bsrylIi«Ei-contain.i'ag margarite and 
native bismuth {frosa desiliconized pegmatites \   see Table 
9^)»  The form by which it enters minerals in the dis- 
persed state is unclear».  it Is possible that it is also 
partially present here in the. form of finely dispersed 
molybdenite*  Derivatives of the granite Intrusion act 
as the source of molyhdemua« 

SELENIUM AMD TELLURIUM 

Selenium has beers discovered by chemical analysis 
±n  molybdenite fror« pure line pegsaatites in the quantity 
of 0.0032% arid in molybdenite from desiiiconised pegmatites 
ranging from 0*0055 to 0.0072%. 

Tellurium forms an independent Mineral, tetradymite, 
found in the form of fine granules in. native- bismuth, 
tending to concentrate at desilicemiixed pegmatites*  Tel- • 
lurium was determined by the chemical method, just like 
seleniusn, in molybdenite from desilieoiiisssd pegmatites 
im amounts of 0.002-0.0023%. 

TUNGSTEN 

Tungsten enters the chemical composition of 
scheelite found in dolomite streaks. In. other mineral®, 
it has not been determined by either chemical nor spect- 
ral methods« 

It should foe noted that together- with the lack 
of tungsten in fractions of the granite intrusion ,a small 
twsj-gste» deposit is connected with this intrusion at 
several tens of  kilometers frotn the ■ Emerald Mines« It 
is true that the tungsten in this case- is adapted to 
later quartz veins than the derivatives of the granite 
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intrusiaa which, forsa the Emerald Miu.es»  The occurrence 
of iuRg'stea miner&Xiz&.ixom  at single sections of the 
intrusion arid the practical absence ±n  others is e%r±dena 
of diver&.e'phyaicocfeössical conditions in tfaoir formation. 
Pa.rt o:f the tungsten ±n  &t}a±l±c<tniz&d pegamtltes  are, 
naturally,, tn  a dispersed state and without considerable 
concentration are not detected by tbe spectral method 
■used* 

MANGANESE 

Msn.ganes.Qj which forms part of the composition 
of sore th&B thirty raiaer&la found at the Ur&li&n Ereeraid 
Mine»,, is partially brought in fey derivatives of the 
granitic amgsia arid partially assimilated from the enclos- 
ing rooks (sea Tafele $k)»     In  the quality of principal 
c-01'ä.jMrarttit %   it enters the composition .of garnet» tantai.it© 
and coi'iMBbite,, and in  tbe forts cf xsomorphtc  additions 
±t   is present is biotite, ilmos&ite s apatite f   clim»mmtte,. 
phlogopite^ actiHolite, sphalerite and other tiiserals, 

Due. to the proximity of dimension®  of the ionic 
radii,, rrsasig&aes© c&ti   iaom^rphically replace fijagrteäim, 
iron, caicixaJB, asixic 'and alumiMtUKu  The presftKcs- of con- 
siderable quantities of these.elements in the mineral» 
formation process at the Emerald Mines produces the 
segregation of their iadspemdeiai miserals and the disper- 
sion of saa.gan.es8 in thess«  The issomorphic substitution 
of ferrous iron by roangans&e has been most widespread in 
coltuisbitej ta.ritali.te, garnet» ilwionito, phlogopite, etc. 
Less prevalent is the isomorphism between manganese and 
«mgjisisi-am which occur i;a minerals of the chlorite t acti- 
»oiite,. tourmalin© and ciirottuiraite groups«  Manganese 
replacement of «alciura and zinc (±n  apatite, caieite and 
sphalerite«) is noted coaaicl.@ra.biy less  frequently» 

COPPER 

Copper plays &  minor role ±n  mineral formation 
at the Uraliar Emerald Mines»  Its souroe has most likely 
foe OK. both derivatives of the grasixte intrusion and the 
onclosliig rock containing from 0*0005 to 0*005% C«0* 
Spectral analyses show that copper is present in all 
vein, bodies  of the Emerald Mines in mor®  than 30 tainerals 
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.{see Tafolfe 9^')» Th.®   content of dispersed copper in the 
mineralls is measiired principally in thousandths and ten 
thousandths of a Traction of a percent, and only in five 
fliinerals, namely garnet, sphalerite , molybdenite, fuchs- 
ite and prehrri.te f does it occasionally attain 0.02 -> 0.5%* 
Copper enters as tiie main component into efaaieopyrite, 
bornite» cnalcosite, cove!lite, malachite and assuritts« 
Sometimes native copper is found«  The form of entry 
into other «sine''als is not fully known, for copper»  For 
example, a small amount of sulfur is present in phlogo*» 
pite together with copper, asü it is consequently uncer- 
tain whether bivalent copper substitutes Fs*« and Mg 
which have close? ionic radii with it, or is it present 
in these mineral» as a mechanical addition in the form 
of copper suifide» 

At the hyporgenetic zone solutions containing 
copper sulfate enter into reaction with the non-decomposed 
sulfidess which brings about the formation   of native cop- 
per and other secondary minerals (eovellite <, chalcosine). 
At the oxidation »one copper is precipitated in the form 
of carbonates •*•- as malachite and asuritfö. ► 

DISPERSION  ELEMENTS 

Lix'i'hX uM 

Lithium has been identified in both rocks and 
tairserals of the vein complex.   The spectral method has 
disclosed it in   the rock»: granite {Q,05%) *   diorite 
and aniphibole gneiss (ü.075%)«  ^° independent lithium 
minerals are found at the Uraii&n Emerald Mines«  It 
can be assumed, that the roots of the pegmatite veins 
have been uncovered here by erosion, although the pre- 
served upper parts of th.« pegmatites are surrounded, by 
nltrabasic rock where spodusne»© site! iepidoiite could 
not have formed as the result of reactions between the 
pegmatite and ptieuKFAtoly tic-hydro thermal sollen solutions 
and  the enclosing rocks which contain large amounts of 
magnesium. 

Through chemical analyses lithium was discovered 
in dasiliconized pegmatites in phlogopite (LxgQ     0«12~ 
0**19%) } beryliiuM~coritair..in,g margarite (0.36 - 0.78%) * 
beryl (0.024-0.30%), fuchsite (0,25%) and plagioclase 
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<,C,0i5.?->) ,  In pure line pegmatites it i , found in beryl 
^Li9", 0.1Ü5 « 0.'i?5 f) > cleavelandi j e and aiicrocline 
i..i2° t'.Oü-ft > .  The iiuriuaa oxide content in beryl from 
pueuHi t oly t i c-hydrot ho.n.iai v« iris varies from 0,0^75 to 
odiaa^ Lithium KM determined by the ^poctrai nsetnod in 
wuicoyite (C-»Oii ~- {.!«"/';&) , proch iori t.e {.. f0i.aj, precious 
talc (O.Cflaj and tourmaline ( 0 «Op «- K)%) <■ 

fae r<;iativtiy iiiih lithium content in a whole 
group oi minerals . fjccnrrinct; in de&i i iconized pe piuat i tas 
bears witness to tue considerable concentrntion"61 this 
element in the pegmatite mel t solutions intruded into 
uitrabasic rocks,  Nevertu'-.-less tiie closely related 
crystal iociierrsicai properties of lithium and magnesium 
ami ta..: consiiernbic content oi' tat* latter do not permit 
lithium to .form independent minerals, ana it has been 
tlnruiriiiteiJ by i;it-ans oi dispersion, isomorphically re- 
placing raagneäimn  ami pnlogopite, fuchsite" and other 
mineral s <.. 

ana ra i t-r,.• 
K U L-* .A. i..' .JL Ui'i 

& { i ■?? c t jr" aj. 
i "ll' *t C 1" a la 
b> c i. e nil 
U ' s oc 0 a; 
U' 09 ':•■; ) s 

1 21 '■äj 
t:a (; ho d i 
pa" X n o t ( 
V t. » 

■■' » 

da t a P a & 

'■■1 '•■ i<\ n t 1 t V 
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D.iaxuj« nas been devermined by chemical and 
quantitative analyses in a large number of 
from different vein bodies,  it was discover« 

in   cieaveieandite ( U . aüpp) , albite 
0 «0 4 fa) ,   | > o t a s h   f e 1 d s p a r 

O.Ola),    firstly   lamellar   muscovi 
tue   sosetra1 

c a 1.   jii c a n s 
,   pfisiociase   ((»»009 
beryl    ((} t> to 
and   in   fuensite   '< ö ,05'i::») H3 .. 

t   h'a^ 

0,01.1; 
A aura   3.n 
•> 

'p.iart/.    (ü.0i:%) coiumbiie   (0.02 
j   .in   pinlo jiopi. te    (0 u - 0.3'/o) t   actinolit 

tauianaj ine    iO,f-li:o}«      it   is   evident   from   the 
ted   tiivt   rubidium   is   contained   in   tin;   large 

■uscovite   and   phloipapite   where   it   isomorph 
als c 

te 

e 

at 
i- 

es o t a s s i tun , 

\S X.r-'  W „ 

Osium was determined by chemical analysis in 
potash feldspar (0.001%)t plagioclase {0,o0i%) and in 
beryl Irangiug iroin 0.014 to 0,0K>%, made in eight 
(iaterraimitions } .  Toe greatest amount of cesium was 
discovered in beryl (0.046%) w,i,cli came from pneuma tolytic- 
nydrotnermal veins. 
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SILVER 

This- element was not established by spectral 
analyses in tue rocks»  Silver is present in small 
amounts in the minerals from different vein bodies»■ In 
pure line pegmatites it. has been determined in molybdenite 
(0*0025%), apatite (0t,0005%)   and garnet (0*0005%).  In 
pneumatolytic-hydrothermal veins silver is contained in 
sulfides: borrd.te, sphalerite, and. chaleopyrite (see 
Table 9^)»  It is interesting to note the presence -of 
silver in molybdenite which also came from, desilicoitiaed 
pegmatites in the very same   quantity as   in molybdenite 
stemming from pure line pegmatites,,  Moreover, silver is 
contained in. restive 'bismuth (0*05%), as well as in il- 
menite, fuensi.te and phacoiith in amounts of 0«00Q5%)„ 

The most significant silver content is found in 
suifides formed during the late stage of 'vein body forma- 
tion»  The chaicophylie nature of silver produces its 
association with such elements as zinc and copper, 

STRONTIUM 

■      Strontium has been determined by spectral analyses 
in both rocks and in tae minerals of the vein complex". 
The presence of strontium' in granite (0.t05 - 0*05%) and 
in pure line pegmatites (0.005%) attests to the fact 
trust the basic source of this elejsent is vein derivatives 
of tin? granite intrusion. 

■ The maximum strontium content tends to occur with 
diarite-porphyriies and amphibole gneisses (0, V> - 0.5A) » 
ttrontium has beer established ir pyroxenite (0,05%)» 
chroBiiuffi-containing emphibole  (0t05%>, trenioiite rock 
(0.005%).  It is rot found in dunites ana serpentines. 
In  pure'.line pegmatites strontium is present in micro» 
cline, albite, apatite, molybdenite and Muscovite.  In 
pnöumatolytio-hydrotherraal veins it is found in albite, 
snuÄCovite ana sphalerite.  In desiliconised pegmatites 
it composes apatites, fluorites, fuchsita, beryllium- 
containing margarite» plagioclase, phiogopite and other 
minerals (see Table 94) in rather sa.gii.itleant quantities. 
In apatite, fiuorite, and bery.liiutn-contair.ing margarite 
strontium isomorphically replaces calcium, while in phlogo- 
pite, muscovite and isiicrocline only partially potassium,' 

It has been proven by a number of investigators 
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(Ahrc^as,   19^81   Haha  and VJ&XÜüg,   193®)   that  in asagsuatlc 
rocks  a part  of the  sirosatiutK is  a product  of the  radio- 
active   cösiversio» c»f  rubidliMta*     It  is;  possible  that  the 
strösstituss at   the   ür&,lia«  Eiseraid Mines  is  also partially 
of radiogenic   origia* 

CADMIUM    • 

By  spectral   analysis   c& eta A ma has  been  cletf#et@«I 
only  ir» aifoite   (09ö25%)   ßtemmisng frcia pxxrs  line-pagssaatite« 
arid   in  sphalerite   (0«35 **> 0*5?0 »fro« pn&'ttasstolytic- 
hydro tfosrägaX  veins*     It  has not  been fomid ±n rocks* 
ITS. view of  th& r^lfetedaess  <s£  the  geoche.«sicaI properties 
of  cadjsifisE a:ad  ssise  and  the pr«&«m£»&ss.c@  of  the  latter»   ; 
eadEiiusi s*absti ttttes   Bine,   in   sphalerites   in  th©   for® of 
as.  isomorphia  addition* 

BASIÜM ■" '" 

B&ri»,   just  like   strontium»   is . cosit&iaed   im 
max±m\ii&  quasrfciti©©   ±n  &&*ph.ibe>ie   gaeisseiä   (0«35 ** 0»5%)''t 
quarts  diorites   (0*0005 - 0,3530 *   dioicite  pcarpSr/rites 
(CK.O.5f0 »   gj'sultfis   (0*05 - 0»55s) .and  pur©  line  pegmatites 
(0.021*)»     l"t   is  aot   found   in uitrabasic  rocks»     Barium 
Mass:  teas  dete«siaed. fey  spectral   analysis   in  11  Etsitiera. 
It  occturs   in pare  as   we-Il  as   cross   lifie  pegmatites« 

In pure  li».e  pegmatites  bariuta is  present   is 
Muscovite,   stiicroCUE'S s   garnet  and  aXtaite.     In pasiiMato- 
Xytie-Jsydrotfeerßml. veins   it  is   discoirer^-d ©sly ia EUS- 
ewite  and phl'ogopite.     la  desiliconi&ed pegmatites  barium 
esters   isaio  thö   composition  of  pfeiag©p>it&*   fuchsite» 
pre. teilte  end  other  nsinsrals   (see  Table   94)*     Barium» 
just  like' stroÄtiiffiäj   principally  ease   from fractions   of 
tfe,e.   g.raait€;   iatrssioB« 

The   closeness  bet%r©es  the  bar!-um and  potassiuss 
Ionic  radii  and  the   former's   slight   contest   in  fractions 
of  ths   granite   intrusion  determine   the- principal   lines 
of  b©h«vior  of  this   element  wiiich produce   its   disps-'rsion 
in ?>o t a n s i u»* mi a©r a is« 

Li» a 
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SCANDIUM 

Sc&näixxm  .has not been established by spectral 
analysis in rocks.  It was discovered by spectrocheraical 
analysis of 10 gram samples in a number of rocks (Table 
100).  In the vein complex scandium is present in limited 
»«sobers of minerals.  In. pure line pegmatites it forms 
a pa.rt of the composition of tantalite and columbite in 
amounts of 0 *005%• 

Table 100 

Scandium Content iß. Enclosing Rocks 

Rock Sc Content, % 

Granite ■ -■ 
Porphyroid granite -. 
Diorite ».  -  - •—- 
Diorite-porphyrite- 
Amphibole gneiss .- . 
Pyroxene porphyri te 
S e rp en. t i n e --   ■ - 
Chlorite ssonfä -  ^ 
Talc zone .. 

0,0007 
0,0003 

0,0010 
0,001 
0,0010 
O.OftU? 
0,{t0iK> 
0,0007 

The highest scandium content is seen in actinolite 
(G.,05%) from the reaction zone .at the contact between 
diorite and serpentines &nd  in minerals from desllicon- 

■iseed pegmatites, in the emerald (0.025% by chemical 
analysis) and beryl (0.025%). ' It is present in thousandths 
of a percent in, phlogopite and ilraenite (0.005%)» 

In. the emerald scandium apparently replaces alumi- 
num.  The presence of 1.89% magn sines in this mineral 
supports the contention  of Kankama and 5ahama{ 1952 ) 
that scandium can replace aluminum in. aluminum minerals 
under the condition of simultaneous substitution of 
aluminum by magnesium. 

The presence of scandium 
pure line pegmatites speaks for 
being brought in by derivatives 
sion« 

in columbite coming from 
a part of it apparently 
of the granitic intru- 
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GALL UM 

Tlie   close  relation  of  a  number   o£   geocJieiai.ca.1 
properties   of   gallium   to   alnmlnxim and   its   completely 
ia signifies.»!   contents  have   determined   the   strong 
dispersion of   this   element  throughout   the  rocks  and 
minerals   of   the  Uralian  Emerald  KiB.es« 

Gallitxm has  bean  determined 'by  spectral  analysis 
in  cluriite«   tale   schist»   tremoiiter rock   (0«003%) $   pyro- 
xene j   arsipMboie t   dio.rita-porpIiyritef   quarts diorite 
(0*003%).   and   granite ' (0.005»0*01%)»      la  slight   quanti- 
ti.es   it'is.   present   is  all   of  the  vein bodies   found at 
the  Emerald Mines*     1M.  pure   line   pegiaatites   it   occurs 
in  husdredths   and   thous&ndths   of  a  percent   in  the   com- 
pos i tier*  of  auscovlte,   aiicrocline,   aibite,   garnet  and 
quartz.      In  desilictmized  pegmatites   the  most   sigaifi- 
cant   gaili'ttSi   content   is   characteristic   of %   alex&xsdrite, 
prochlorite,   plagioclase,   phlo-gopite   (see  Table   9*0*   It 
is   interesting   to  note   that   in   the  taolyfedenites   of   the 
Etaerald  Mines   gal limit  has  not   bee»   disclosed hy  the 
spectral  method;   it  was   established  is.  sphalerite  la 
the   amcutiit  of  CuCo!^» 

The   data  presented,  em'the   distribution   of   gallium 
and   the   quantitative   dependence     between   galli««i and 
ai'UKiiK'UJta  content   {the   greater  the   aaaount  of   aluminum^ 
the   greater   that   of   gall'iwa  also)   testify   to   the   isotaor- 
pliie  r*pla.c©Bi©nt   of  aluasimisa by   gallium   in  aliMHimu»  an.d 
e.IijisaiftuE"»coötaiixisi.£  minerals. 

INDIUM 

Indium  has been discovered by spectral  analyses 
solely in sphala.rit.-a from, albite-quarta veins in. the 
©mount of Ö»00.19»j where it isoraorphically replaces zinc. 

TB£ RARE EARTHS 

The nsinerals of the veins complex of the Uralian 
Emerald Mutes are characterized by am. insignificant con« 
tmxi   of rare earths« -Ihay h&vs been detected by chemical 
analyses only in apatite (0,20 ■-  0*3ö% TR2O3) aad 
in. eolumfoite-tantalite (0*04%), while by spectral methods 
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i» native- bismuth, prochlorite (0.0190 , f luorite (0.001%). 
Yttrium* was discovered in rutiie (0.0i%) and prochlorite 
(0,0196).  The findings of X-ray spectrographic analyses 
of the rare earths taken from apaties of pure-line and 
desilicoiiiKeci pegmatite«  have demonstrated that elements 
of the ceriura group sharply predominate irt-their composi- 
tion, whereupon cerium, lanthanum and neodymium  are" 
foremost (see Table 9h),      The quantitative" and qualitative 
similarity between the elements of the rare-earth group 
and apatites from pure   line   pegmatites and desiliconized 
pegmatites, together with other factors, points indirect- 
ly  to their close genetic connection.  The elements of 
,fhe rare-earth group in apatite and £ luorite i.soroorphical- 
ly replace calcinsi. 

THALLIUM 

Thallium was determined by  spectral analyses in 
four minerals, ©uscovite (0*001 ~ 0.005%) » microcline 
(0,001%) , phlogopite (0.001 - 0,005%) and fuchsite (0„005?0« 
The first two are characteristic of pure line pegmatites. 
The second two of desiliccmiaed pegmatites.  The finding 
of thallium in potss&iuns minerals and its absence in 
iron~Rsa,<mesiiim (chlorite, talc) and calcium {plagiociase, 
epidote) minerals once again indicates its closeness of 
its properties to potassium, 

GERMANIUM : 

Germanium has been determined by spectral analysis 
in sever« minerals: garnet (0.001 - 0.0490', topaz C0„04%), 
actinolite (0.0590, prehnite (0.001%), bavenite (0.01%), 
bertrandite (0.00590 and molybdenite (0,005%)«.  Among the 
these, only garnet prevails with pure line pegmatites, 
the remaining minerals being; connected with desiliconized 
pegmatites and particularly tfith the hydrothermal, stage- 
in their formation.  Germanium is  not   found in the car- 
bonaceous shales from the Emerald Mines* 

Considering the closeness of the geochearicai 
properties in germaniuas and silicon, it can. be assumed 
that germanium replaces silicon in the above mentioned 
rain er a. is , 
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TIM 

Tin has been discovered by spectral analysis in 
19 «Minerals from various vein bodies of the Emerald Mines. 
In pyre line pegmatites it is present in EUSCO -ite (0*001 
to 0.00590, garnet (0,005 - 0,01%), apatite (0.005tf)| 
in pne-araatöly tic-hydro thermal vein® it enters into the 
compositions of sphalerite (0,001%) and boraite (0.005&)» 
The nuiBbef of wiim-rals which contain tin is considerably 
higher in desiliccmised pegmatites«  It has been discov- 
ered by chemical analyses in ehrysoberyl (0*12?l) and 
alexandrite (0,04?0, by  spectral analysis— in phlogopite, 
prochlorite, corundcphi.lite (0«001#), tourmaline (0,001 ■ 
to 0,005^). beryllium-containing margarite (0.00196) a»d 
other minerals (see Table 9^).  In view of the insignifi- 
cant tin content in  minerals it is very difficult to 
determine its crystallochemical role.  High concentrations 
of this ©lernest ±n  chrysoberyl (0,12%)   which contains 
0.34% Ti02 attest to the Asonsorphic replacement of 
titanium by tin.  It is possible that the dispersion of 
tin in other minerals is closely connected with titanium. 

LEAD 

Lead is found in aiuphibole gneiss (0.005%), quartz 
diorite ami granite (0.001%).  At the vein complex of 
the Emerald Mines- it entera into the composition of 19 
minerals.  In pure line pegmatites ±n  amounts of 0,001^, 
lead is noted in aiisscovite, alhiie, apatite, and solely 
in isicroclijie, columbite „and tanialite doss its content 
jump up to 0•00596.    It is presaat in the alblte- 
lauscovit©-quart se veins in. sulfidesj sphalerite (0.001%), 
bornite (0.0059&), as well as formiiag part of the compost» 
tion of albite (0.0019«) and utaacovite <0.00]U0«005#)• 
In thousandths of a percent lead is discovered in minerals 
of the desilicoiiised pegmatites; phlogopite» prochlorite, 
pl&gioclase, tourmaline, apatite, fl^orite (0,001%), 
native bismuth {0,01rjS> .end other minerals (see Table- 94). 
The closeness of the dimensions of the ionic radii in 
lead and potassium, probably have produced their iso- 
sEorphic replacement and the dispersion of lead* 
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VANADIUM 

Vanadi.ua has been established by spectral analy- 
ses in all rocks with the exception of granite, although 
in pure line pegmatites it is present in. muscovite (0.005 
to 0*02%) and albixe (0 »00rj%) * ■ The highest content of 
this element is noted in tremolite rocks, pyroxertites 
and chrQKri«fti~-eow.taining, amphifooles (O.Ö95«)»  .In dtmite 
and. serpentine vanadium is seen in.   significantly 
smaller quantities ~-0.00.5%*  The mentioned regularities 
are generally characteristic of' the geochemistry of 
vanad i om* 

.Xu desiliconissed pegmatite« vanadium in the form 
of insignificant additions is found in tourmaline, rutiie} 
alexandrite (0*5%)? enryaoheryl Co.*02-0«05%) « emerald 
(0.05%)-} beryl (O*05-~O.0O5i'O <,.   beryll.iunj~contai.ning 
asargarite (0*025-0 «005$») •  Vanadium was determined  by the 
eher« leaf method in the era er aid (0*02%) 1B beryl (0*004%)« 
In hydro thermal a tr sales of e-pidote-caicite Komposition, 
it concentrates in the   epidote (up to 0*20%)«. 

The dls tributicm of vanadium in the minerals of 
tiie vein complex confirms the   deductions of a ».umber of 
investigators (Goidschmidt, 195'*» Uae.kama and Sahama s 
1952) to the effect that this element   during.the magmatic 
process ie closely connected with triyaient iron asd 
aluffiimun' which nave similar ionic radii*  It is ii5.te.i~es- 
ting to note the occurrence of slight amounts of vanadium 
i.vi the emerald«  Inasmuch as the color of emeralds from 
certain, deposits (Huzo, Colanibia) is related to vanadium 
to a considerable extent , it m&.y   be assumed that trie 
hue of Oral lam ejuer&lda is produced not only by chromium,' 
but by vanadium as well«  Vanadium , just like chromium, 
isomorphicaliy substitutes tae aluminum» 

ARSENIC AND ANTIMOKY 

These elements are encountered very infrequently 
at the Emerald Mines»  Arsenic has beer- determined hy 
spectral analysis in two minerals from it?.;; desiliconized 
pegmatitess molybdenue» and .futile, in quantities of 
0«01%«  Antimony was discovered by the spectral method 
in native bismuth (around 0.1%) and talc (0.01%), 
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CHLORINE 

The function of  chlorine in.   the process of mineral 
formation  e.t tho Eine raid Mises is entirely insignificant» 
Its soarce is apparently partly the enclosing rock and 
partly derivatives of the granitic aiagaa .  IK the enclos- 
ing rocks the chlor i«.« content-4 detersöirsed by chemical 
analysis * varies from traces to 0»06'%*  la mst&morphic 
dunites abd trexsoiii© rock chlorine has aot beert detec- 
ted»  Chessicai. analysi® of the*, minerals irons pure line 
pegmatites ha.®' determined chlorine traces i:a amiscovite 
and microc-lis.«*«  In desilicaniaed pegmatites chlorine 
is present in slight quantities (traces) in phlogopitft, 
prochlorite, coramdophiii is „ plagioelas© arid only isi 
berylIluiB-c-ontaiMing ssmrgarite does its contesai reach 
0 «i 3 "" 0 » 2 v*')'ö» 

The crysts Mo chemical similarity between,chlorine 
find fitiorine and the hydroaryl group» as veil as tn& 
preseri.ce of a ccvasidarabls number of minerals containing 
OH and f have produced the dispersion of chlorine .in 
the structures of these miB.arals.»  It to possible that 
part of the chloriw.« occurs ±n   gas sous-liquid inclusions» 

RHENIUM 

HhenituBi was; disoovarsd by the . chetäic&l Method in 
molybdenite from  pure ii.Be pegmatites (Q„QQOBM)   and 
de&'iliconiaed pegaatitss <0*0006 -» 0*0033?&) <•  Its; highest 
content (ö»OÖ55$>) occurs in raolyfcd®nits8 which are asso« 
ciatod with rativa foisarath 'and teiradvmifce ir» the plagio- 
class e of de.sii.iconised pegra'ati te-s «, 

COBALT 

Cobalt was determined by spectral analysis in 
all «Itrabasic and basic rocks and their utetainorphic 
products (up to 0»Q1^>.  The leest quantity is present 
In  arsphitooie gneiss and quarts diorite (0.005%)«  Xa 
andan&iyaed sample of granite cobalt «s jj.ot discovere< 
It occurs xn  the   vein complex principally in minerais 
of desilicoKized pegmatitesi   phlogopite, prochlorite, 
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talc, actimolite and other minerals (see T-.ble 94}«  As 
the list of thea© Kine.sis shows, cobalt in deailiconiaed 
pegmatites is dispersed ±n  ferro-magnesian and aluminum 
siÜcates* 

NICKEL 

Nickel, jrist .like cobalt«, has been determined by- 
spectral analyses in all tiltrahasic and basic rocks and 
their metaiaorphic products (0.2 - 0.35/0»  The lowest 
nickel content is seen in ciiorite--porphyrite (0*05%) t 

amphibole gneiss and .,na.rts diorite (c »005%) ,  An analy- 
sis of a siRi'le s3B{.le of foiotite granite showed the 
nickel content to Ire 0,.0r>5ö, which apparently can be 
explained by the assimilation of surrounding rock by 
tue granitic niagsna » 

To check OB the spectral data the nickel in dunite 
and serpentine was determined by the   chemical method, 
its contest totaling respectively 0*25 and 0,»33Äis 

Minerals of pure line pegmatites and pncuxmatolytic- 
bydrotherma.1 veins (raicrociine t .njartz and albxte) ordin- 
arily contain thousandths oi a percent of" nickel«,  Kickci 
was determined by chemical analysis in yiativs bismuth in 
the quantity of 0,8?%,. 

The spectral method showed the nickel ±n   cross line 
pegmatites to amount to more then in thirty minerals, 
while it is present in the largest quantity in  phlogopite 
(0,00.5 - O«1T0, prochiorite (0.005 - 0.255O.* corundophilite 
(0,02%) t talc {0al-0a2%)s fu.cb.site, ionrmaliiiö {0,05"- 
0.1%), magnetite (0„l?u>, chrorai te.   (0»05?i), ilroanits 
(0.025%) and other minerals.  In. ail of the listed miner- 
als nickel igoxttornhi rally replaces magnesium and bivalent 
iront which thes explains its wide dispersion in the miner- 
als of desilicoBized pegmatites which forsn during the assim- 
ilation of considerable   amounts of magnesium and iron from 
the enclosing rocks» 

Extrems interest in the geochemistry of the Emerald 
Mirt.es (of" the Urals) is? aroused by the unusual quantita- 
tive and qualitative combination, during the formation of 
desilicoaized pegmatites, of the elements found» on the 
one hand., in the grairitfl intrusion and   its vein deriva- 
tives, and on the other, in. the enclosing'ulirabasic rocks, 
Such urmsual combina^tions of elements is not encountered 
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in the noraml evolutionary development of icaagssatic roelc# 
In this r&spect5 the process of formation ©f desilicoa- 
iised pegmatites «mat be regarded as a natural experiment 
which makes it possible to broaden our views ©a the 
isomorphisms of elements involved in still other processes 
of mineral i'ormation, rather than merely those restricted 
to this particular process« 

During the formation of the desillconized pegma- 
tites, just as in general in any jsinerai formation 
process, the geochemistry öf emch element is fundamentally 
determined by the concentration and phy©ieochemical 
properties of both the given element and the other ele- 
ments which accompany it» i.e. by the law of mass action. 

A change in the concentration of elements during 
the formation of desiliconiz'.ed pegmatites in ■ time and 
space, tog&ther with a heterogeneous  initial composition 
of the molten pegmatite p&etuaatolytic solutions and en- 
closing rocks is determined hy  such factors as different 
volatility in the compounds, a differsi.it degree  of as- 
similation of the enclosing rock and the discharge of 
elements at the lat© stage in the forai of water-soluble 
salts«  Thus, the presence of volatile compounds, parti- 
cularly water pairs, fluorine compounds and hydroxides 
produced higher concentrations in the upper parts of 
beryllitua, F and Ihs®»  The assimilation of large quanti- 
ties of magnesium and iron determined the unique crystallo- 
cher/«icai structure of the minerals, which in its turn 
produced other mineralogico-geochemical and, especially, 
isomorphic interrelations between the alsnscnts partici- 
pating in the process*  At later stages ir» the process 
alkali elements were carried off in the for a« of water 
soluble, principally fluorine compounds, which, also 
resulted in a change in the concentration of element.« 
participating in th« process, in the formation of new 
minerals and the substitution of certain sleisents by others. 

Together with the indicated factors which deter- 
mine the geochemical characteristics of tiis .formation 
of desiliconized pegmatites, including the phenomenon 
of isomorphism, it is necessary to point out a more 
general law which, was in principle expressed by 
Le ChUtelier to the effect that every modification in 
factors determined by chemical equilibrium causes proces- 
ses in the system of development which counteract this 
change*  An illustraion of this principle can be found 
in any element participating in. the formation of the 
Uralian Emerald Mines«  Thus, for example, where there 
is a reduced SiO«? concentration due   to the assimilation 
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at    toe   enclosing   rock   »üif>;   is   poor   in   silica f-   the   process 
shxi'tc;   to   the   side   ju.it   a a;   if   t;,-..: re   irere   an   increased 
slticru   coTiceuirotion   in   connectiori   rith   its   sut-st itution 
oy   a i i. ;ii;."i rum   auo   ')e.r y x j :i um ,    ti.us   producing   such   ..»1   rich 
OT-.d   corro'Ji'.uiKii'ii'-ly   si Jica   poor   min^rali   as   beryl IIUIT:- 

cariu>i-ni-;i''.   »ar >y r i v e ,    corMrclc pox i.L U; ,    rtc,       p-^   s.imc   may 
be   ono^n   i.'or   boOissi;,;«-,    »»'hose   lowered   tcnceü as.o> ■;.ion   in 
toil«   process   resuits   301   it^   ropics c ePiont   in   considerab j e 
aüioi-n :...•;:   oy   ücdiu,1;1,,   lor   ercury.Ie   io   phiogopitec 

j.n   tue   ;xooc;.fcinsica j.   process   under    cousi iera t ion 
complex   iso!iior;.:;iic   substi odiuns   are   seen ,    botii   witiiin 
encn   oi     cue    chi se   dj y 11 JIOU rfi.ied   ^roops»   oi'   o3. ements ,    and 
Porter   oi--orient.«;   which   '-ut6r   cPhcfererit    croupo    (bjp,   lOb)« 
•m   't;-'"   -'-b.rort    ,.,J.ucf5   icrtuoolly ,    sucu   eieii.ents   i,,iiio   i-ori cu 
•'"ire   i ob'i '.eit   on    toe    crop.-.-    o      nbysico-o; Occn-cal   properties 
iote. rt-iix,    as:    jpp   ard   0. L ,   dp   ami   be»» »    oi.   an...    ::> i t   as   well. 
a;">   '<■'   ar;'J   ''h       isüo^opoisn;   beio.seo    tuu    prb.cory   am.;   secondary 
exe«;   ntc   ecu)   berejiiossiit^d   by    soeh   co;aLP,ra f. P.ms   as   Be   and 
o x t   c.ij>   aj ..■:.-'    re,    or   aim   ,\\ .   i- ii i   ono   ipr»       is o;nor[ -a;i .sru   between 

00 c-ii.ei;, . s   and   t»,e   primär ju.s   may   ice   .1. i lustra- 
!   -: t-K ■    oy    tijo    Co; oscus t. j   ois   oi    i.,i    -   oy<.    oa    ~  , 

iiiüt ;!.pi)p   i so?»ic-i'ir:i •- n;   onr   siiodd   bear   in mind 
to,! 1    '-futc, .1   c.r.-;;ooit   i.:;-ij,-aii,i   o      reriiacii!;r  oootoirr   in mineral- 
lifi'-'i-'oiJii   proce.\-...-.e;.;    COM   ;^   c.ftaeral   be   su<otituCed by   this 
'"■;'' COeU:.  j ;'sf;vert:UI;iQri:, ,      L,;.i.:-      p'OCft.;:;     tSCXO;     in     a     UUillljCr     ob 
cn'"i!'-'-   ;"lp':-   T-ü   be   mb.Iat.orai,    voi.j .-f.    i^ouruu,   ,.-r ii.r-sr i i:,   or 
rco    cuticoo or. -. PP-n   o,     ;.oe    rcocirin.e:   CP.-.-S!^UT.S,    i „« „   on   the 
iac   o.:;   KOOf   acticn,,      Occasi^aliy,    to«.?   elouurta    cacoot 
i;°'"ru    h-Jepeiuierb:   iduo-rLs   iu:    to   ouvxil   coücenoaioB,    /soi 
oo.iy   prxrary   or   secondary   otoricnts   will    bo   replaced   durirp 
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